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Danh sach hinh ve
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Két qua thit nghiém sb ctia Bai toan 2: (a) Mién Q ctia phuong phap RBF-
FD. (b) Phan ludng dit liéu chay song song trén 4 bd xit ly ctia phuong phap
RBF-FD. (c) Cic sai s6 rms cia FEM va phuong phap RBF-FD. (d) Thoi

gian chay ctia phuong phap RBF-FD trén cacbo xtrly. . ... ... ... ...

Két qua thit nghiém s6 ctia Bai toan 3. Hinh (a) minh hoa sai s6 RRMS trén

céc tam trong mién. Hinh (b) biéu dién mat do ctia ma trin thua cta hé (3.3)

ung vGi phuong phap RBF-FD va cia ma tran cing tng v6i FEM. . . . . . ..

Két qua thit nghiém sb ctia Bai toan 4: (a) Céc sai s6 RRMS trén cic niit

trong mién. (b) Matddo chamatranhésb. . . . . .. ... .. ... ... ...

(a) Mién Q dudc tao bdi 1énh pdegplot trong MATLAB PDE Toolbox. (b)-
(d) Db thi cic sai s6 RRMS va mat do clia ma tran hé s st dung cac thuat
toan RBF-FD 1, 2, 3 va FEM. (e)—(f) D6 thi c4c sai s6 RRMS va mat do ctia

ma trin hé s6 ting v6i phuong phap RBF-FD chon cic tap tAm hd trg tinh

trong s c6 16, 18 hodc 20 diém gan { nhat vAFEM. . . . ... ... ... ..
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DAI HOC THAI NGUYEN
Pon vi: Truong Pai hoc Cong nghé thong tin va Truyén thong

THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung
e Tén dé tai: Xit 1y song song trong phuong phdp RBF-FD gidi bai todn truyén nhiét.

Ma s6: DPH2015-TN07-03.

Cht nhiém dé tai: ThS. Ngé Manh Tudng.

TS chdc chd tri: Truong Pai hoc Cong nghé thong tin va Truyén thong - Pai hoc Thai

Nguyén

Thoi gian thuc hién: Tir thang 1 nim 2015 dén thang 12 nim 2016 (gia han dén thang
12 nam 2018).

2. Muc tiéu

e Xay dung dudc thuat toan song song nham muc dich song song héa qua trinh x4c dinh

véc to trong s6 trong phuong phap RBF-FD;
e Dinh gia hiéu qué cta giai phap song song héa bang ly thuyét va thi nghiém;
e Thit nghiém sb trén tap dit liéu phan tan 16n.
3. Tinh mdi va sang tao
e D& xuit 3 thuit toan méi;
e Thit nghiém sb trén cac thuit todn mdi d€ so sanh véi cdc thuit toan di cong bb.
4. Két qua nghién citu

e D¢ xuit thuat toan tinh todn song song cho phuong phdp RBF-FD trong viéc tim tap

céc tAm hd trg tinh todn véc to trong s6 va tinh toan véc to trong sb;

e D¢ xuét 2 thuat toan chon tim hd trg phuong phap khong ludi RBF-FD trong khong

gian 3 chiéu.
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INFORMATION ON RESEARCH RESULTS

1. General information:
e Project title: Parallel Processing For RBF-FD Method to Solve Heat Transfer Problem
e Code number: DPH2015-TNO07-03.
e Coordinator: M.Sc. Ngo Manh Tuong.

e Implementing institution: TNU - University of Information and Communication Tech-

nology .
e Duration: From January 2015 to December 2016 (extended until December 2018).
2. Objective(s):

e Construct a parallel algorithm for goal to parallel of process determining weight vector

for RBF-FD method;
e Evaluate the effectiveness of parallelization solutions by theory and experiment;
e Experiment on large scattered data.
3. Creativeness and innovativeness:
e Propose 3 new algorithms;
e Numerical test on the new algorithms to compare with published algorithms.
4. Research results:

e Propose a parallel computing algorithm for the RBF-FD method in finding stencil

support selection and computing the weight vector;
e Propose two stencil support selection algorithms for RBF-FD method in 3D.

5. Products:

Scientific product
e A paper in scopus international journal;

e Two papers in national journal;
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e A paper in proceedings of national conference.

1. Oleg Davydov, Dang Thi Oanh and Ngo Manh Tuong (2019), Octant-Based Sten-
cil Selection for Meshless Finite Difference Methods in 3D", Vietnam journal of

mathematics, accepted to publication.

2. Dang Thi Oanh, Ngo Manh Tuong (2019), “Parallelization in choose the cen-
ters and compute the weight vectors for the meshless RBF-FD to solve poisson

equation”, TNU-Journal of scrience and technology, Vol. 195, No. 02, p. 69 - 74.

3. Dang Thi Oanh, Ngo Manh Tuong, Trinh Minh Duc (2017), "Research the in-
fluence of separate conditions in adaptive refinement algorithm for meshless

method to solve elliptic problem, Proceedings of national conference (Fair 2017),

pp-667-673.

4. Ngo Manh Tuong (2015), “The RBF-FD meshless method based on RBF Her-
mite interpolation for solving Poisson equation”, TNU-Journal of scrience and

technology, Vol. 132, No. 02, p. 171 - 175.
Product training: Graduate study guide 02 Master’s theses.

1. Lam Van Tri, Research the influence of the center interpolation to the accuracy
of approximating the derivative based on the radial basis interpolation function,
Graduation thesis in 2016, number 812/QD-DHCNTT&TT,18/10/2016, at TNU

- University of Information and Communication Technology.

2. Vu Huy Hoang Do, The influence of stencils selection to meshless RBF-FD
method, Graduation thesis in 2016, number 49/QD-DHCNTT&TT,18/01/2016,

at TNU - University of Information and Communication Technology.

6. Transfer alternatives, application institutions, impacts and benefits of research re-
sults:

Articles and work published in seminars will be the materials for further research in the
topic. The research results of the project are also useful references for teaching students at

Thai Nguyen University of Information & Communication Technology.



PHAN MO PAU

1. Tinh cip thiét chia van dé nghién citu

Phuong phap RBF - FD [6, 10, 11, 12, 13, 14, 17, 18, 20, 22, 23] la phuong phap khong
lu6i st dung ndi suy ham RBF (Radial Basis Function) véi cich tiép can dia phuong va dua
trén su roi rac héa gidbng nhu phuong phap FD (finite different). Phuong phép nay st dung
céc tap diém roi rac trong mién xc dinh dé tinh nghiém tai cac diém nay. Mot 16i thé ctia k§
thuat rdi rac khong ludi 1a chi can dua trén tip di€ém doc 1ap phan bd bat ky. Do d6, chi phi
danh cho sinh ludi, duy tri luéi va cap nhat lu6i dudc loai tru.

Céc nghién ctiu vé phuong phap RBF-FD va ting dung giai phuong trinh dao ham riéng,
da dugc cic nha khoa hoc trong va ngoai nuéc quan tim. Céc két qua trong hudng nghién
clfu nay da dat dugc 1a: Xay dung dudc mot sd cach tinh véc to trong sb dua trén y tudng
ctia phuong phdp FD va phucong phdp phan ti hitu han FEM (finite element method), x4y
dung thuét toan chon tham s6 hinh dang tdi uu, xay dung thuit toan chon tdm noi suy, xay
dung thuét toan 1am min thich nghi. Cac két qua tht nghiém trong [10, 12, 18, 20, 23] cho
thiy nghiém x4p xi tim dudc bsi phuong phap RBF-FD trén cac bai toin mau chinh x4c hon
nhiéu so v6i nghiém x4p xi tim dugc bsi phuong phap FD va FEM. Tuy nhién, cic nghién
cttu trudc day méi chi quan tim dén do chinh xdc ctia 16 giai s6.

Trong phuong phap RBF-FD [10, 12, 18, 20, 23], v6i mdi tim nim trong mién ta can x4c
dinh mot véc to trong sd, véc to nay dudc xdc dinh khi x4c dinh dugc bo tim nodi suy nim
trong 14n can clia né va véc to trong sb 1a nghiém ciia hé phuong trinh v6i ma tran hé s6 1a
ma trin thua. Cong doan xdc dinh véc to trong s6 12 tén kém thdi gian va hoan toan doc 1ap
nhau, chinh vi vdy van dé song song hoa trong phuong phap RBF-FD la kha thi va cip thiét
dé lam giam dang k€ chi phi vé mit thdi gian.

2. Muc tiéu, d6i twgng, pham vi, cach tiép cin, phuong phap nghién citu
e Muc tiéu

— Xay dung dugc thuit todn song song nham muc dich song song héa qua trinh xdc
dinh véc to trong s trong phuong phap RBF-FD;
— DPanh gia hiéu qua ctia gidi phdp song song héa bang ly thuyét va thir nghiém;

— Thit nghiém s6 trén tap dit liéu phan tdn 16n.



e D6i tugng nghién ciiu: DE tai tip trung vao viéc song song hoa qua trinh chon tim va

tinh véc to trong sd ctia phuong phap RBF-FD.
e Pham vi nghién ctiu: Bai todn toan truyén nhiét ding.

e Cich tiép can:

Do cé4c vin dé c6 lién quan 13 nhiing van d& trén thé giSi dang nghién cifu va phat
trién nén cong viéc dau tién can phai tién hanh 1a thu thap va hé thdng héa céc tai
liéu chuyén mon lién quan dén nhiing két qua gan day nhét vé phuong phuong phap

RBF-FD va cac k¥ thuat xu ly song song.

Cic budc tién hanh sé tuan theo quy trinh: nghién cdu, phan tich, thiét k& gidi phap,
cai dit. Viéc hop tdc vé6i cdc tap thé va cd nhan trong va ngoai nuéc sé dugc dic biét
quan tam, tin dung tdi da chit xdm va cong nghé méi, nang cao chét lugng va hiéu qua

thuc hién dé tai.

e Phuong phdp nghién cifu: Phuong phap nghién ctiu clia dé tai dudc Iua chon 1a 1y thuyét
két hop v6i thuc nghiém. Qud trinh dudc tién hanh dua trén viéc tim hiéu tai liéu, cai
dat thit nghiém sau d6 danh gia két qua thuc nghiém va cai tién nham nang cao cht

lugng.



Chuong 1
Kién thic co s6

1.1. Bai toan truyén nhiét dirng

Phitong trinh truyén nhiét mét chiéu [2] c6 dang

d 9?
a—?:ka—xbzt,a<x<b,t>0,k=const>0. (L.1)
Khi nhiét do khong thay ddi theo thoi gian thi % = 0 va ta c6 phuong trinh truyén nhiét dimg
mot chiéu 1a % =0,a<x<b.
Phutong trinh truyén nhiét ditng hai chiéu c6 dang
’u  d%u
— +== =0, ,y) € Q. 1.2
a2 92 (x,y) (1.2)

Phutong trinh truyén nhiét ditng ba chiéu 1a

2%u N 2%u N 0%u B
ox2 9y 92

0, (x,y2) €Q.

1.2. NGoi suy du liéu phan tan

Cho b6 dit lidu (x;,v;),i = 1,2,...,n,x; € RY,y; € R, trong d6 x; 1a cdc vi tri do, y; 1a cdc
két qua tai vi tri do. Gid st u,uy, . .., u, 12 cdc ham co s ctia khong gian tuyén tinh cidc ham

d bién lién tuc [22]. Ky hiéu

n
F =span{uy,uy,...,up} = {Z"ckuk7 Ck E]R}.

k=1
Bai toan noi suy: Tim ham Py € F théa man
Pr(xi) =yi, i=1,2,...,n. (1.3)
Vi Py € F nén
n
Pr(x) = Y chug(x), x € RY, (1.4)
k=1
tor (1.3) va (1.4) ta co

Ac =Y. (1.5)



Pinh nghia 1.2.1. (Khéng gian Haar) Gid sit Q C R? chita it nhdt n diém va F C C(Q)
la khong gian tuyén tinh n chiéu. Ta noi F la khong gian Haar n chiéu trén Q néu vdi bdt
ky cdc diém phdn biét x1,xa,...,x, € Qva fi,f>,...,fn €R, thi tén tai ham s € V sao cho
s(xi)=fi, i=1,2,...,n[22].

Pinh Iy 1.2.1. V la khéng gian Haar n chiéu khi va chi khi véi bdt ky cdc diém phdn biét
X153 X25 .-y Xy € Qva oSG Uy, uy,. .. uy, cuaV, ta luon co det(A) # 0 [22].

Pinh Iy 1.2.2. (Mairhuber Curtis) Gid sit rang Q C R, d > 2, chita mot diém trong. Khi doé

khong ton tai khong gian Haar ciia cdc ham lién tuc trén Q [22].

1.3. Ham co s6 ban kinh

Pinh nghia 1.3.1. Mot ham ¢ : R — R dugc goi la ham co sd bdn kinh (RBF) néu ¢ do ton
tai mot ham @ : [0,+o0) — R sao cho ¢ (x) = ¢(||x||2), trong do ||x||; la chudn Euclid [22].

1.4. Ma tran xac dinh duong, ham xac dinh duong

Ma tran xac dinh duong

Pinh nghia 1.4.1. Ma trdn thiic, doi xitng A = [A;j]nxn dudc goi la xdc dinh diong néu dang

toan phuong tuong vng khong dm, ticc la

n

n
Z Z CjCkAij >0, c= (C1>C2>---7CH)T eR"
i=1j=1

hay
T _ T n
c"Ac >0 c=(ci,cp,...,¢cp)" €R™

Ddu "=" xdy ra khi va chi khi c = (0,0,...,0)" [22].

Ham xac dinh duong

Pinh nghia 1.4.2. Ham ® : RY — R lién tuc, dugc goi la xdc dinh dwong trén RY néu va chi
néu né la ham chdn va véi moi bé tam phdn biét tieng doi mot X = {x1,20, ..., %0} C R4, vgi

moi véc to ¢ = (cy,¢2,...,¢n) € R" thi dang toan phuong
n n
) Z ek ®(x; —xi) > 0. (1.6)
j: =1

Ddu "=" xdy ra khi va chi khi ¢ la véc to 0 [22, 13].

Dinh nghia 1.4.3. Ham mét bién ¢ : [0, +) — R dugc goi la xdc dinh duong trén R? néu
ham nhiéu bién twong ting ®(x) = @(||x||), x € R, la xdc dinh dwong [22, 13].



Ham ban kinh xac dinh duong

Dinh nghia 1.4.4. Mot ham duoc goi la ham bdn kinh xdc dinh dwong néu né vica la ham
bdn kinh vita dong thoi xdc dinh duong [22, 13].

1.5. Noi suy ham c¢ sé ban kinh
Gia st c6 bd tam {x, k = 1,2,...,n} va ham ®(x) sao cho
Op(x) =P(x—x) = @(||x —xt| ), k=1,2,...,n, x € RY,
Khi d6, ndi suy ham sb duya trén cac ham cd sd ban kinh 13 tim ham

Prx) = Y i) = ¥ cxo((lx— )
k=1 k=1

thda man diéu kién ndi suy (1.3).

1.6. MGét s6 kién thitc co ban vé Iy thuyét xi Iy song song

Pinh nghia 1.6.1. Xi Iy song song la qud trinh xit Iy gom nhiéu tién trinh duoc kich hoat
dong thoi va cung tham gia gidi quyét mét van dé, noi chung la thuc hién trén nhiing da bé

Xty [1].

Dinh nghia 1.6.2. Cho g(x), f(x) la hai ham co gid tri duwong. Ta néi mot thudt todn co do
phiic tap tinh todn f(x) = O(g(x)) khi va chi khi ton tai sé C duong va sé nguyén xo sao cho

0 < f(x) < C x g(x), vdi moi s6 litgng dit liéu vio x > xo.



Chuong 2

Tinh toan song song cho phuong phap
RBF-FD trong khong gian hai chieu

2.1. Véc to trong so trong cong thitc vi phan s6

Gié sit D 1a todn tt vi phan tuyén tinh va X = {x;}"_ 1a bd tdm phan b khong déu trong

R?. Ta tim dudc cong thitc vi phdn sé cia todn tik D
n
Du(x) ~ Zwi(x)u(xi), (2.1)
i=0

trong d6 véc to w = [wy,...,w,|" dudc goi 1a stencil hay con goi 12 véc to trong s6 duge tim
bdi cong thiic

@XW = D(I)()CO - ) (22)

x>
v6i Py = [P(x; —x;))]} ;. DP(x0 — )} 1= [Ds(x0 — xi)]7p-
2.2. Roi rac bai toan truyen nhiét dirng

Cho mién mé Q C R? va cic ham s6 f xdc dinh trén Q, g dugc xdc dinh trén dQ. Tim

u: Q — R sao cho

Au= f trén Q, (2.3)

ulpo = g 2.4)

Khi d6 bai toan (2.3)—(2.4) dudc rdi rac thanh hé phuong trinh tuyén tinh

Y weed(§)=£(8), £ €T, (2.5)

EcEy

ia(G) =g(s), & €Iz (2.6)

2.3. Thuat toan chon tam

Algorithm 1. [Thuét toan 1, [18]] Thuét toan ODP chon tap cac tam hé trg
Input: E, §. Output: E¢.
Cdc tham s0: k (s6 diém trong E¢ \ {£}), v > 1.0 (tham s6 goc déu ), ¢ > 1.0 (khodng cach),



va m > k. Cac gia tri tham sb dudc st dung trong thit nghiém s6 k =6, v =2.5, ¢ = 3.0 va
m = 50.

I Timm diém gan nhat &y, ..., &, trong Z\ {{} dén £, sdp xép theo chiéu ting din vé mit

khoéng cach dén £, tap ban dau Z, := {{,{1,..., G} = {61, &} vaii=k+1.

II. While i < m:

LoNéu |l =&l = & T, (18— ¢+ 18— G

2. Tinh cic géc o, ..., 0y, ; dudc tao béi tip m&rong {1, ..., &} =1{C1...., & &}

). thi STOP va tra vé Z;.

Néu cic goc gitta tia {& va hai tia 1an cin clia né 16n hon géc nhé nhit o :=
Q(C{v'-'7C]£+1):
a. Tim jsaocho o = &'. Chon p= j hodc p = j+ 1 phu thugc vao Ot}_l <y
hoic 0‘}—1 > (x;.ﬂ.
b. New p({f,..., G P\ G < (G-, G
i) Capnhap g :={C.G,..., G} ={C, &, G P\ G
ii) Néu a(Cy,...,G) <va(&,..., &), thi STOP vatra vé E;.
3. Néu i=m:
Tim m diém gan nhét tiép theo &, 1,..., &y trong E\ {£} dén £, xép theo
chiéu ting dan vé mit khoang cich dén ¢ va dat m := 2m.
4 Pitii=i+l.
Do phitc tap ciia thudt todn 1: Gia st tp cdc tdm 16i rac Z ¢6 ¢ diém va tap Z;y cO n

diém. Khi d6 do phic tap tinh todn cta thuat toan 112 O(n-m-log(q)).

2.4. Song song héa viéc chon tAm va tinh véc to trong sb

Algorithm 2. [Thuat toan 2, [3]] Thuéat toan tinh toan song song
Input: BS tam r0i rac Z, Ziy,N.  Output: Tap cic véc to trong s6 we, § € Eiy.

Cdc tham s6: Cac tham s6 ctia thuét toan ODP: k,v,c,m. Khdi tao we :=0.
I. Phan hoach di liéu cho N bo xt ly

1. ny:= [zﬁv} ;i:=1;7:=0.

2. Whilei <N



a. Ifi = N then nl) := n(1—N)+n
Else n!) :=ny;

b. E'l(lll)t = {Cj+17§j+27"'7cj'+n(i)};

C. ]:]—|—n(l)’

d. i:=i+1.

I1. Dbi v6i mdi bo xtt 1y thiii € N

= ()

“int

1. Véi mdi Cj S
a. Su dung thuit toan chon tdm ODP, tim cac tap Eg), j=12,....n0;
J

b. Tinh cic véc to trong sd w(i?, j=1,2,...,n" béi cong thic (2.2) tuong tGng voi
J

céc tap E(i_), ji=1,2,...,n0.

J

2. Luu tri cdc véc td trong sO vita tinh wy := wg U {w;j,(i) cj=1,2,... ,n(i)}.

Luu dd tinh todn song song st dung thut todn hd trg chon tam ODP dudc biéu dién trong
hinh (3.1).
Do phiic tap tinh todn ctia thudt todn 2 1a O(§; - log(n)) + O(5 -m-log(q)).

2.5. Thit nghiém s6

D€ so sanh su hiéu qua ctia phuong phap RBF-FD ching toi dung cong thifc sai s trung

binh binh phuong rms (root mean square)

. 1/2
rms::( Y (ﬁ(C)—u(C))2> :

#E, —~
nt CE8in

trong do #E;, 1a s tam trong mién.

Bai toan 1. Xét bai toan Dirichlet véi phuong trinh Laplace Au = 0 trong mién hinh quat Q
dugc xdc dinh bdi bat phuong trinh r < 1, —37/4 < ¢ < 37/4 trong toa do cuc, diéu kién
bién Dirichlet dudc cho béi u(r, @) = cos(2¢/3) doc theo cung cong va u(r,¢) = 0 doc theo
hai doan théng. Nghiém giai tich 1a u(r, @) = r2/3 cos(2¢/3).

Bai toan 2. Xét bai toan Dirichlet v6i phuong trinh Laplace Au = 0 trong mién Q = (0.01,1.01)?

véi diéu kién bién Dirichlet dugc chon théa man nghiém gidi tich u(x,y) = log(x* +y?).



Hinh 2.1: Luu d6 song song héa thut toan hd trg chon tam ODP va tinh véc td trong s6.

2.6. Kétluan

Trong chuong nay chiing toi d trinh bay thut toan chon tip cdc tim hd trd tuin tu va
thuat todn song song héa viéc chon bo tam hd trd va tinh véc to trong sé cho phuong phap
RBF-FD cuing v6i cdc két qua thit nghiém trén céc thuat toan. Cac thit nghiém s6 cho thiy
thuat toan song song da cii thién dugc thsi gian tinh toan, diéu d6 chiing té hiéu qua cta

thuat toan nay.
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Iterations in Time By Worker

1.2
4 L
4 E, 3 L
S
=2 r
] 4 L
| 0 2 4 6 8 10 12 14 16 18 20
Worker Utilization T'meO(Z?ime Of Individual lterations
4 4 @
53 £ o002 *
£
, g, % > ¥ "
= 2 o018l f F
1 5 J
0
1.2 0 50 100 0 5000 10000 15000
% of Total Time on Worker Iteration Number
(a) Mién (Q) véi (21680) tam (b) Phén ludng dit liéu trén 4 bd x1 Iy v&i (11146)
tam
y rms error on centers for Problem 2 et
10 T e -FEM — e -l worker T T T T T T T T
—e—RBF-FD 1.8|—©—2 workers »
—b—4 workers .
16F e
? 141 ,/'
§ .
s Gref
= o
a ET
£
= osr
£
C% 08
041
02
105 . . oo i . . . . . . I
10° 10* 0 0.2 04 06 08 1 12 14 16 18 2 22
Number of interior centers Number of interior centers «10*
(c) Cac sai so rms (d) Thoi gian chay trén cic bd xt ly

Hinh 2.2: K&t qua thi nghiém sb ctia Bai todn 2: (a) Mién Q ctia phuong phap RBF-FD. (b)
Phan ludng dit liéu chay song song trén 4 bd xit Iy ctia phuong phdp RBF-FD. (c) Céc sai s6
rms cua FEM va phuong phap RBF-FD. (d) Thoi gian chay ctua phudng phap RBF-FD trén
cac bo xu ly.
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Chuong 3

Phuong phap khong luwéi RBF-FD trong
khong gian ba chieéu

3.1. Phuwong phap khong luéi RBF-FD

Xét bai toan truyén nhiét ditng trong khong gian ba chiéu nhu sau: Cho mién mé Q C R?

va cac ham sb f xdc dinh trén Q, g xdc dinh trén dQ. Tim ham u : Q — R thoa man

Au=f in Q,

u=g on JQ. G.D

trong do A la toan ti Laplace.

Phuong phap khong 1uéi tinh todn nghiém x4p xi roi rac i ctia (3.1) trén tip cic niit rdi
rac hitu han Z C Q nhu sau. Goi Ej, := ZNQ 1a tip cac tAm trong mién va 9= := ZNIQ 1a
tap cdc tam trén bién. V6i moi § € Eiy, ta chon dudgc tap E¢ := {&o, &1, 6, ..., &} C Z véi
&y = €, va xép xi Au({) bdi cong thic vi phan

~ ) ween(§), £ ETin (3.2)
§el¢

Khi d6 bai toan (3.1) dudc roi rac hoa thanh hé phuong trinh

L oweed(6)=r(8), ¢ €Ein,
6_.4 (33)

a(G)=g(5), ¢e€dE,

trong d6 7(&) 1a nghiém xAp xi clia nghiém u cla bai todn (3.1) tai cac diém & € .

3.2. Thuét toan chon tAm dua trén cac géc khoi

Thuét tean 3. 8- gdc khoi.
Input: E, § € Eiy.  Output: Z¢, C
Tham s6: m > 16 (s6 di€m dugc Iua chon ban dau gom ca §).  Khdi tao: B¢ :={{}, E] Ep:=0.

I. Tim m diém &;,&,...,&, thuoc Z\ {} va gan { nhét.

II. Phan hoach cac di€m &;, &, ..., &, vao 8 géc khdi O; = {&;1,&n,...}, j=1,2,...,8,

tuong tng véi 8 goc khdi, théaman ||E;1 — S| < [|Ep— ¢ < -
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III. For j=1t08

a. If#0; = 1 then E; :=E, U{&;1 }.
b. Elself #0; > 1 then E; := B, U{&;1,&n}.
IV. V6i moéi & € E¢\ {{}, xét doan thang (£,&)={C+a(E-):0< a < 1}.
If (£,6)NdQ#0, then Ey :=E,\ {E}U{E’ }Vé_C = acu{é }, trong d6 £’ 1a diém
thuoe (£,€) N IQ gan { nhit.
Sau khi d4p dung Thuét todn 8 géc khdi cho tit ca cic diém { € Ejy, ta cip nhap tip =
bdi cong thic
2:=2U | & (3.4)
Thuat toan 4. 16-goc khoi.

Input: E, § € Eiy.  Output: E¢, “C
Tham s6: m > 16 (s6 di€m dugc lyta chon ban dau gom cé §).  Khdi tao: E¢ :={{}, Z| =0

I. Tim m diém &;,&,...,&, thuoc Z\ {{} va gan { nhét.
Il. Phan hoach cac diém &;,&,,...,&, vao 16 tap O; = {&;1,&p0,...}, j = 1,2,...,16,
tuong tng véi 16 géc khoi, thda man [|€j; — || < ||Ep— & < ---.
M. For j=1to 16.
If#0; > 1 then Ey := &, U{;1 }.
IV. V6iméi & € E¢\ {¢}, xét doan thang (£,&).

If(C,ﬁ)ﬂ(?Q#@, then EC = C\{g}u{é }Va Zet = HCU{é } trong dé ﬁ'thuoc
(£,E)NIQ va gan ¢ nhit.

Sau khi 4p dung Thuit toan 16 géc khdi cho tt ca cic diém ¢ € Eiy, ta cip nhap Z bsi
cong thuic (3.4).

3.3. Thit nghiém s6

Dé€ danh gia su hiéu qué ctia cc thuit toan, ching tdi so sanh gia tri sai sb tuong dbi
trung binh binh phuong RRMS (relative root mean square) dudc tinh béi cong thuc
A 2
L w©-a(0)
E&ing
E. = RRMS(u, i, Eipy) := - (3.5)
r (u(g)

Cezim
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Bai todn 3. Xét phuong trinh Poisson Au = —37% sin txsin 7y sin 7z trén mién Q = [0, 1]°
véi diéu kién bién Dirichlet dong nhit ), , = 0. Nghiém chinh xac clia bai todn 1a u(x,y,z) =

Sin 7tx sin 7ty sin 7z.

rms error by FEM and RBF-FD
T

density of the FEM and RBF-FD system matrix
T T

~~~~~~ ol - e -FEM 6~ -FEM —
e Seg —=—RBE-FD | —=—RBF-FD | —
L., S RBF-FD 2 s RBF-FD 2 /
AR ¢ RBE-FD 3 o[ 4 RBFFD3 .

rms error

102

. .
10° 10
number of interior nodes

L L
10° 10t

number of interior nodes

(a) Sai s6 trén cac niit trong mién (E) (b) Mit dd ctia ma trin hé sb

Hinh 3.1: Két qua thi nghiém s6 ctia Bai todn 3. Hinh (a) minh hoa sai s6 RRMS trén céic
tam trong mién. Hinh (b) biéu dién mat do cia ma tran thua cta hé (3.3) ting v6i phuong
phap RBF-FD va ctia ma tran cing ung v6i FEM.

Bai toan 4. Xét phuong trinh Poisson Au = 3¢*™*7 trong khdi cau don vi Q = {(x,y,z) €
R3 : x> +y? 472 < 1} véi didu kién bién Dirichlet dudc chon sao cho théa min nghiém chinh

xdc cla bai toan 1a u(x,y,z) = ez,

rms error by FEM and RBF-FD density of the FEM and RBF-FD system matrix
T T T

. -© -FEM .
oL 16| —s—RBF-FD | = ]
Sel s RBF-FD 2 p
t.. e | |4~ RBF-FD 3
3 :\\“\ S o 15
10 o~ \\‘
145 =Y
5 > — g
5_)' ., g P <
E 3 -
135
A
13 o
L
10|~ © -FEM &
—e—RBF-FD | sk 4
RBF-FD 2 './'
-4~ RBF-FD 3| 124"

. .
10° 104 108 10
number of interior nodes number of interior nodes

(a) Sai s6 trén cac nit trong mién (E,) (b) Mat dd ctia ma tran hé sb

Hinh 3.2: Két qua thit nghiém sb ctia Bai todn 4: (a) Cac sai s&6 RRMS trén cic nit trong
mién. (b) Mt do ctia ma tran hé s6.

Bai toan 5 ([24, Section 3], Forearm Link). Xét phuong trinh Poisson Au = —10 véi diéu

kién bién Dirichlet Uso = 0 trén mién Q trong Hinh 3.3(a).
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rms error by FEM and RBF-FD

0. -© -FEM
) —8—RBF-FD |
—»—RBF-FD 2
¢ RBF-FD 3
8
o 192 .~ .
i '\
10° 10
number of interior centers
(a) Mién cua bai toan (b) Cac sai s0 so v6i nghiém cua lan ke tiép

- -FEM 2 Fam

—e—RBF-FD | 19| —a—RBF-FD 1
—p—RBF-FD 2 18| —p—RBF-FD 2
- RBF-FD 3 17|~¢~RBE-FD 3

rms error

. .
10° 10*

number of interior nodes number of interior nodes
(c) Cac sai s0 so v6i mot nghiém cia FEM (d) Mit d6 cia ma trin
"\ - -FEM * e FEm
o, —v—nearest 16 © —¥—nearest 16
B —6—nearest 18 18 |—6—nearest 18
; \\’u. --B--nearest 20 47|~ nearest 20
. . A\ b 1
= o 5E 1
g To, 2
é é w0 T e
102 131
\\\\\ 12
S~ "
o
L L oS 10‘ L L
10° 10 10° 10
number of interior nodes number of interior nodes
(e) Céc sai s0 so v4i mOt nghiém ctia FEM (f) Mat d6 ctia ma trdn

Hinh 3.3: (a) Mién Q dugc tao bdi 1énh pdegplot trong MATLAB PDE Toolbox. (b)—(d)
Do thi cdc sai s6 RRMS va mat do ctia ma tran hé s6 st dung cac thuét todn RBF-FD 1, 2, 3
va FEM. (e)—(f) Do thi céc sai s6 RRMS va mat do clia ma trin hé sb dng véi phuong phap
RBF-FD chon cic tap tim hd trg tinh trong s6 ¢6 16, 18 hoic 20 di€ém gan { nhit va FEM.

3.4. Kétluan

Trong chuong da trinh bay 2 thuat todn chon tam mdi cho phuong phap khong ludi RBF-

FD gii phuong trinh truyén nhiét diing trong khong gian 3 chiéu. Cu thé, so sanh sy hiéu
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qua cua phuong phap RBF-FD st dung ham cd sé ban kinh va 2 thuét toan chon tdm véi
FEM trén céc nit dudc tao bdi ludi tieu chuan. Nghiém x4p xi clia cic phuong phap RBF-FD
chinh x4c hon nghiém ctia FEM véi c4c bai toan c6 mién 1a khdi 1ap phuong hoiic khbi cau
(Bai todn 3, 4) va c6 dong chinh xdc tuong duong vdi bai toan ¢ mién phiic tap hon (Bai

toan 5).

KET LUAN VA KIEN NGHI
Dé tai dat va vugt miic yéu cau dbi véi sdn phdm dit ra trong thuyét minh.
e San phdm khoa hoc: Dé tai dé xuit 03 thuit todn mdi, cu thé la:

— Dé xut thuat toan song song héa viéc chon bd tAim hd trg va tinh véc to trong s6

cho phuong phdp RBF-FD trong khong gian 2 chiéu [3].

— Dé xuét 2 thuit todn chon bd tim hd trg phuong phap khong Iudi RBF-FD trong
khong gian 3 chiéu [12].

— Thit nghiém s6 dbi véi cac thuat todn méi.
e Sin pham dao tao: Huéng dian 02 luan vin thac si bdo vé thanh cong.

Hudng phat trién nghién ctiu trong thoi gian t6i: Tiép tuc nghién ctiu phuong phap RBF-

FD gidi phuong trinh dao ham riéng trong khong gian hai chiéu va ba chiéu.





