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LOI CAM ON

Luan van dugc thuc hién va hoan thanh tai truong Pai hoc khoa hoc- Pai
hoc Thai Nguyén dudi su huéng dan ctia TS. Vii Vinh Quang. Qua diy tac
gia xin chan thanh cam on sau sic dén thdy Vii Vinh Quang, ngudi da dua dé
tai va tan tinh huéng dan trong suat qua trinh nghién ctru cta toi.

Dong thoi tac gia xin dugce gii 101 cam on dén cac thiy cb trong Khoa
Toén - Tin truong Pai hoc Khoa hoc - Pai hoc Thai nguyén da tao moi diéu
kién thuan loi dé tac gia hoan thanh ban luan vin nay. Tac gia cling gui 10i
cam on dén gia dinh, cac ban bé trong 16p Cao hoc K4C di dong vién giup do

tac gia trong sudt qua trinh hoc tap va lam luan van.

Tac gia
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LOI NOI PAU

Trong trudng hop tong quat, viéc tim nghiém dung cia 16p cac bai toan
bién ma cha yéu 1a phuong trinh elliptic cip hai trong truong hop diéu kién
bién hon hop hodc hdn hop manh 1a khong thuc hién duge. Viéc nghién ctiu
giai gin dung cac bai toan bién ma tiéu biéu 1a cac bai toan dugc biéu dién
bang cac phuong trinh cp hai dd va dang 1a mét linh vuc rit quan tim cta
c4c nha toan hoc. Trong nhiéu nim qua d3 c6 nhiéu cong trinh nghién ctu vé
linh vuc nay, muc dich chinh cua cac phuong phép 1a dua cac bai toan vi phan
vé cac bai toan sai phan dé tim nghiém xap xi thong qua cac thuat toan giai
cac hé phuong trinh dai sb. Tuy nhién khi bai toan bién elliptic voi cac diéu
kién bién phirc tap hoac ham nghi¢m hoac dao ham cua nghiém gian doan
trong mién dang xét thi cac phuong phap truyén théng s& gap khé khin. Bé
giai quyét bai toan trong cac truong hop nay thi mot trong nhitng phuong
phap dugc biét dén 1a phuong phap lap v6i do phirc tap tinh toan thap trén tu
tudng ctia phuong phap chia mién va dua trén phuong phap nay, hudng
nghién ctru hién nay dang rat phat trién d6 13 nghién ctru cac so d6 tinh toan

song song giai quyét cac mo hinh bai todn phtc tap.

Luan vin dit vin d& tim hiéu mot s phuong phap lip giai bai toan
elliptic cdp hai trén tu tudng cia thuat toan chia mién. Trén co s cac thuét
toan chia mién, ludn van dé xuit viée xay dung mot sb so do tinh toan song

song. Luan vin cau trac gom 2 chuong.

Chuwong 1: Pua ra cac kién thiic co ban vé 1y thuyét tinh todn song song,
phuong phéap sai phan va thuat toan thu gon khdi luong tinh toan va hé théng

thu vién TK2004 giai s6 cac bai toan bién elliptic.

Chuwong 2: Trinh bay tom tit co so ctua phuong phap chia mién. Trén co so

cac phuong phap da biét, luan vin dua ra mot sé so dd tinh toan song song
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dwa trén tu tuong chia mién giai bai toan bién elliptic cip hai. Tién hanh danh
gia d phuc tap cua thuat toan, cai dat thir nghi€ém trén may tinh dién tr dé
kiém tra sy hoi tu cua céac so dd.

Céac két qua thuc nghiém trong luan van duoc cai dit bang ngdén ngi

Matlab trén may tinh tuan tu PC.
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Chuwongl
CAC KIEN THUC CO BAN VE XU LY SONG SONG
VA GIAI SO PHUONG TRINH PAO HAM RIENG

Trong chuong ndy, luan vian sé& trinh bay mot sb kién thtc co ban vé 1y
thuyét xir 1y song song, phuong phap sai phan va thu vién TK2004. Pay 1a
cac kién thirc quan trong s& dugce sir dung trong cac chuong sau ctia luan van.

Céc kién thtrc nay dugc tham khao tir cac tai liéu [1, 3, 4, 5, 6, 9, 10, 11].
1.1. Céc Kién thirc co ban vé Iy thuyét xir Iy song song

1.1.1 Pinh nghia: Xir 1y song song 1 qué trinh x{r 1y gém nhiéu tién trinh
duogc kich hoat ddng thoi va cung tham gia giai quyét mot van dé, ndi chung

la thuc hién trén nhirng da bd xu ly.

Hién nay van dé xt 1y song song dd duogc hién thuc hoa nho nhitng uu

diém vuot tro1 cua no.

1. Hién nay gia thanh ctia phan cimg (CPU) giam manh, tao diéu kién dé

xay dung nhiing hé théng c6 nhiéu BXL véi gia thanh hop 1y.

2. Su phét trién cua cong nghé mach tich hop VLSI cho phép tao ra

nhirng hé phurc hop c6 hang tri€u transistor trén mot chip.

3. Toc d6 xtr Iy cua cac BXL theo kiéu Von Neumann d3 dan tién toi
gidi han, khong thé cai tién thém duoc do vay dan t6i doi hoi phai thuc hién

xu Iy song song .

Mot trong cac muc dich chinh cia xtr Iy song song 1a nghién ctru va xay
dung nhiing thuat toan thich hop dé cai dat trén cic may tinh song song, nghia
la phat trién céac thudt toan song song. Cau hoi ty nhién la ddnh gia mot thuat
toan song song nhu thé nao dugc goi 1a thich hop cho xir Iy song song? Dbi

v6i thut toan tuan tu thi ching ta c6 thé thdng nhat cach danh gia dua vao
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tho1 gian thuc hién thuat toan, khong gian bo nhd va kha nang 1ap trinh, v.v.
Panh gia thuat toan song song thi phirc tap hon nhiéu, ngoai nhitng tiéu chuan
trén con phai bd sung thém nhitng tham sb vé sé BXL, kha ning cua cc bd

nhd cuc bg, so do truyén thong, va cac giao thuc dong bo hoa, v.v.

Pé cai dit cac thudt toan song song trén cac mdy tinh song song ching ta
phai sir dung nhitng ngdn ngit 1ap trinh song song. Nhiéu ngdn ngi 14p trinh
song song dang duoc st dung nhu: Fortran 90, nCUBE C, Occam, C-Linda,
PVM véi C/C++, CDC 6600, v.v.

1.1.2 Danh gia cac chwong trinh song song

Sau day chung ta dua ra co s& cua phuong phdp danh gia do phuc tap

cua thuat toan song song.
Thoi gian thye hién song song

Pé danh gia duge do phirc tap tinh todn cta cac thudt toan song song,
ngoai s6 bude tinh toan ching ta con can danh gia thoi gian truyén thong cua
cac tién trinh. Trong mot hé thdng truyén thong, thoi gian truyén thong ciing

phai dugc xem trong thoi gian thuc hién cua thuat toan.
Thoi gian thuc hién song song, ky hiéu 1a t, gom hai phan teomp Va teomm

tp = tcomp + tcomm
trong do, teomp 1a thot gian tinh toan va teomm - thot gian truyén thong dir ligu.

Thoi gian tinh toan teomp dugc xac dinh giéng nhu thuat toan tuan tu. Khi
c6 nhiéu tién trinh tién trinh thuc hién dong thoi thi tinh thoi gian thuc hién
ctia tién trinh phirc tap nhat (thuc hién 1au nhat). Trong phén tich d6 phuc tap
tinh toén, ching ta ludn gia thiét rang, tat ca cac bd xtr Iy 1a gidng nhau va
thao tac cung mot toc do nhu nhau. Déi véi nhitng cum may tinh khong thuan
nhat thi diéu nay khong dam bao do vay, viéc danh gia thoi gian tinh toan cia

nhig hé nhu thé 1a rat phuc tap.
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Thoi gian truyén thong temm lai phu thudc vao kich c¢& cia cac théng
diép, vao ciu hinh két ndi mang dudng truyén va ca cach thuc truyén tai
thong diép, v.v. Cong thirc udc lugng thoi gian truyén thong duge xac dinh
nhu sau:

tcomm = tstartup +n> tdata
trong do

+ tyaruup 12 thoi gian can thiét dé giri nhitng thong diép khong phai 1a dit
liéu. N6 bao gébm ca thoi gian dé dong goi thong diép ¢ noi gai va thoi gian
md go6i & noi nhan. Bé don gian chung ta gia thiét thoi gian nay 1 hang s6.

+ tgaa 12 thoi gian can thiét dé chuyén mot tir dir lidu (mot muc dit lidu)

tir noi gui toi noi nhan, duoc gia thiét 1a hang s6 va n 1a so tir dir liéu dugc
trao doi trong hé théng.
Vi du: Gia sir can thuc hién cong n sb trén hai may tinh, trong d6 mdéi may
cong n/2 s6 v4i nhau va tat ca cac so d6 duoc luu & mdy tinh thir nhat. Két
qua cta may tinh tht hai khi duoc tinh xong s& dugc chuyén vé may tinh thi
nhat dé né cong hai két qua bo phan voi nhau. Bai toan nay dugc phat bicu
nhu sau:

1. May tinh tht nhat giri n/2 sb cho may tinh thir hai

2. Ca hai may tinh cong n/2 s6 mot cach dong thoi

3. May tinh thir hai chuyén két qua tinh duwoc vé may tinh thir nhét

4. May tinh thir nhat cong hai két qua dé co két qua cudi clng.

Thoit gian tinh toan (& bude 2 va 4):

Thoi gian truyén thong (¢ budc 1 va 3):
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teomm = (Lstartup T N2 * tgata) + (Lstartup T Ldata)
= 2%tstarup + (N/2 + 1) * tyara
Do phire tap tinh toan 13 O(n) va d6 phirc tap truyén thong ciing 1a O(n),
do vay do phuc tap ndi chung cia thuit toan trén cling 1a O(n).
1.1.3 Thuat tean song song

Thuat toan song song la mot tap cac tién trinh hodc céac tac vu c6 thé
thuc hién dong thoi va co thé trao d6i dir liéu voi nhau dé két hop cung giai
mot bai toan dit ra. Thudt toan song song c6 thé xem nhu 1a mot tap hop cac
don thé doc 1ap, mot s trong s6 ching co thé thuc hién tuong tranh trén may

tinh song song.

Pé thiét ké duoc cac thuat toan song song cin phai tra 10i cac cau
hoit sau:

= Viéc phan chia dir li€u cho céc tac vu nhu thé nao?

= Dir li€u dugce truy cép nhu thé nao, nhitng dir li€u nao can phai
chia s¢?

= Phén céc tac vu cho cdc tién trinh (bo x 1) nhu thé nao?

» Céc tién trinh dugc déng b0 ra sao?

Cac nguyén 1y chinh trong thiét ké thuat toan song song:

1. Cac nguyén ly lap lich: Str dung céc thuat toan lap lich cho cac b xi
Iy dé giam t6i thiéu thoi gian tinh toan.

2. Nguyén Iy hinh 6ng: Nguyén 1y nay duoc ap dung khi bai toan xuat
hién mot dady cac thao tac {T,, Ty, . . ., Ty}, trong d6 Ti.q thuc hién sau khi T;
két thac.

3. Nguyén ly chia dé tri: Chia bai toan thanh nhiing phan nhé hon tuong

d6i doc 1ap v6i nhau va giai quyét chung mot cach song song.
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1.1.4 Cac cach tiép can trong thiét ké
C6 ba cach tiép can dé thiét ké thuat toan song song:

1. Thyc hién song song hod nhitng thuat toan tuan tu, bién doi nhiing ciu
tric tun ty dé tan dung dugc nhimg kha ning song song tu nhién cua tit ca

cac thanh phan trong hé théng xtr 1y.

2. Thiét ké nhitng thuat toan song song md&i phu hop véi kién trac

song song.

3. Xay dung nhirng thuat toan song song tir nhirng thuat toan song song
da duoc xay dung cho phu hop véi cdu hinh t6pd va mdi truong song song
thuc té.

Nhu vay, cach 1am thong dung 12 bién do6i cac thuat toan tuan ty vé song
song, hay chuyén tir mdt dang song song vé dang song song pht hop hon sao
van bao toan duoc tinh twong duong trong tinh toan. Do d6, khi bién d6i
chung ta can tra 1i hai cau hoi:

1. Kién trac nao phu hop cho bai toan?

2. Nhitng bai toan loai nao s& xir 1y hiéu qua trong kién trac song song
cho trudc?

1.1.5 Phan tich va danh gia thuat toan song song

Panh gia thuat toan tuln tu ¢ thé cin ct chil yéu vao thoi gian thyuc hién
duogc tinh theo ham cua kich c& dir liéu vao (input). Ham nay duoc goi la do
phtrc tap tinh toan thoi gian f(n) cua thuat todn va dugc ky hi€u 1a O(f(n)).
Mot cach hinh thire O(g(x)) duoc dinh nghia nhu sau:

Pinh nghia: Mot thuat toan c6 do phurc tap tinh toan f(x) = O(g(x)) <
Ton tai s6 C duong va s6 nguyén X, sao cho 0 < f(x) < C * g(x), voi moi s6

luong dir li€u vao x > x,.
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Hién nhién g(x), f(x) 1 hai ham c6 gia tri dwong. O(1) ky hiéu cho mot
hang sb bat ky.

D0 phtic tap tinh toan cua thuat toan song song khong chi phu thudc vao
kich ¢& cua dit liu ddu vao ma con phu thudc vao kién tric may tinh song

song va s6 luong cac bo xir Iy dugc phép sir dung trong hé thong.

Do phtc tap thoi gian 1a thude do quan trong nhat danh gia mirc d6 hiéu
qua cua thudt toan song song. Chung ta gia thiét ring mo hinh tinh toan c6 p
bo xur ly. Nghia la mtrc d0 song song la c6 gi61 han. Nguoc lai, mirc d§ song

song khong bi gidi han khi sb cac bo xir 1y 1a khong bi chan.

D6 phtic tap thdi gian cta thudt toan song song st dung p bd xir 1y dé
gia1 mot bai toan c6 kich cd n 1a ham f(n,p) xac dinh thoi gian cyc dai tré1 qua
gitra thoi diém bat dau thuc hién thuét toan boi mot bd xur Iy va thoi diém két
thiic cua cac bd xu 1y ddi véi bo dir lidu vao bat ky. C6 hai loai thao tac khac
nhau trong cac thuat toan song song:

1. Céac phép toan co so nhu +, -, *, /, AND, OR, v.v.

2. Céac phép toan truyén dit liéu trén cac kénh truyén.

Do phtc tap thoi gian ctia thudt toan song song dugc xac dinh bai s6 cac
phép toan co sd va sb cac budc truyén tai dir lidu giira cac bo xt 1y véi nhau.
T do suy ra, do phuc tap thoi gian cua thuat toan song song khong chi phu

thudc vao mo hinh tinh todn ma con phu thudc vao sé bo xur Iy dugce str dung.

N6i chung, chuwong trinh tinh toan song song thudng bat dau bang viéc
nhap dir liéu vao by nhd va kich hoat mdt phﬁn tor xu ly. M&di buée tinh toan,
phz‘in tor xr 1y nay cé thé doc mot s6 dit liéu tir bd nhé, thue hién mot sd phép
toan co s& va ghi két qua vao bd nhé riéng hodc bd nhé chung. Pong thoi mdi
budc tinh toan, mot phﬁn tor xu 1y cé thé kich hoat mot hay mdt sb phﬁn tr XU

ly khéac. Thuc té thi cac may tinh déu c6 sb bo xir Iy 1a hitu han, nén nhiing

1486 héa boi Trung tam Hoc liéu — Pai hoc Thdi Nguyén http://www.lrc-tnu.edu.vn



thuat toan song song khong bi gi6i han chi c6 nghia sir dung khi chung c6 thé
chuyén doi vé thuat toan song song bi gi6i han.

Co ba cach dinh nghia khai niém lién quan dén do phuc tap ctua thuéat
toan song song:

Dinh nghia 1: Mdt thudt todn song song c6 do phtrc tap tinh toan O(T) voi P bo
xtr 1y khi né thuc hién nhiéu nhét 1a O(T* P) phép toén co so (dinh 1y Brent).

Pinh nghia 2: Mot thuat todn song song c6 d0 phuc tap tinh toan O(T)
sir dung rat nhiéu bo xur Iy dé thuc hién O(e) phép toan co so khi cai dat véi P

b6 xu 1y thi s& c6 do phirc tap thoi gian 1a O e/P |+ T).

Pinh nghia 3: Mgt thuét toan song song c6 do phuc tap tinh toan O(T)
v6i P bd xtr 1y ¢6 thé cai dit véi |_P/p—| , I<p <P bd xtr Iy thi s& c6 do phtic
tap thoi gian 1a O(p*T).

Dinh nghia 2 chi ra rang khi s6 b xur Iy duge st dung giam xudng trong
mot pham vi nhét dinh thi thuat toan tiép tuc lam viéc nhung thoi gian thuc
hién s€ tang 1én.

Dinh nghia 3 khing dinh rang c6 cach dé cai dat thuat toan song song khi

sb cac bd xur 1y duoc st dung bi giam Xuéng.

Murc do hiéu qua cta thuit toan duoc thé hién ¢ mirc 46 song song cua
thuat toan.

Muc do song song cua thudt toan la s6 lugng cuc dai cac phép toan doc
1ap c6 thé thyc hién dong thdi & mdi thoi diém thyc hién cta thuat toan.

Ky hiéu P(W) 1a do song song cta thuat toan, thi thuat toan hiéu qua giai
dé giai bai toan c6 ¢& W 1a nhitng thuat toan chi can sir dung nhiéu nhat P(W)
bo xur ly.

Ngoai ra, dé danh gia duoc thuat toan song song chiing ta con phai xét

td1 hé so gia toc cua nd.
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Hé s6 gia tc cua thuat toan song song st dung p bo xur Iy duoc xac dinh

nhu sau:
Sp=Ts/ T,
trong do
+ Ts 1a thot gian thuc hién tinh toan trén mét bo xur 1y.
+ Tpla thot gian thuc hién tinh toan trén p bo xur ly.

Véi gia thiét 1a bo xur 1y tuan ty va bo xur 1y song song 13 nhu nhau.

1.2 Cac Kién thirc co ban vé giai s6 phwong trinh dao ham riéng

Trong muc nay, luan van trinh bay mot s6 kién thuc lién quan dén viéc
giai s6 phuong trinh dao ham riéng bao gém co sd ciia phuong phap ludi,
thuat toan thu gon khéi luong tinh toan ctia Samarskij-Nicolaev.
1.2.1 Phwong phap sai phan

Luwéi sai phan:

CAu = fox e Q

1.1
u = g, xr & 052 (1)

Xét bai toan {

trong 36 Q = {(z,y) € R*,a <z < b,c <y <d}, chon 2 s6 nguyén N >1 va
M > 1, dat h = (b - a)/N goi 1a budc ludi theo X, k = (d - ¢)/ M goi 1a budc

ludi theo y. Pat z, =a+ihy =c+ jki=0.N,j=0.M. Mbi diém
(z,,y;) goi 1a mot nit ludi ky hiéu 1a (i, j). Tép tat ca cac nut trong ky hiéu
la€2, . Nut ¢ trén bién I' goi la nat bién. Tép tat ca cac nut bién ky hiéu 1a

[y tap Qe = Q UT,  goi la mot ludi sai phén trén €2.

. 11
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Ham lwdi: M61 ham xéac dinh tai cac nut ctua ludi goi 1a mot ham ludi,

gia tri cua ham Iu6i u(x, y) tai nit ludi (i) viét tat 1a u,_. M&i ham  u(x, y)
xac dinh tai moi (z,y) € 2. tao ra ham ludi u xac dinh boi U,

Bai toan sai phan: Ky hiéu Lu = f la phuong trinh ma nghiém 1a tap
cac ham sd hai bién X,y c6 cac dao ham riéng dén cdp m lién tuc trong
Q=QUT gia st bii toan c6 nghiém weC'(Q), khi do:

o'u

0'u
4 ('Z.7 y)
Y

oz

< (|, = const,max, -

max (z,9) e |5 < C, = const.

(2.4)€Q

Do do theo cong thuc Taylor ta co:

Ou h*0%u R’ Ou
U, y;) = ulE) + by, =@, y) - h% " 21922 3! 92"

+o(h*)
hay

U’(',Ei-&-l?yj) B QU(:CZ; yj) * u(xi—l’ yj) = 821; + 0(h2>
h Ox

Mot cach tuong tu

ou kK u Kk’ Ou
U’(xi?y]qu) = U(.Tl.,yj + k) = u(xpyj) + k_ + a1

+ —— + ok’
dy  219y* 319y’ o)

8/“ k2 82’1,1, ks agu
u(:ri,yj_l) = U(%Z/j —k) = u(xi’yj) N ka_y + 21 oy’ 31 oy’

+ o(k")

Do do:

U’(:EZ‘? ijrl) o 21’[’(3”.7;7 yj) + U(xi, yj,l) . 821,[,
K 8y2

Vay ta co:

. 12
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w(z,,,y,) —2u(z,y,) +u(,_,y,) N wz,y,,,) —2u(z,y,) +u(z,y, )
h? I
Au+o(h® + k)

Ta dat:

Khi d6 chung to:
2
A u=Au+(R* + k)
S6 hang o(h* + k) 1a mot s6 vo cuing bé bac hai. Ta néi toan tir A,

Xap xi toan tir, diéu d6 cho phép thay phuong trinh vi phan bang phuong

trinh sai phéan:

dong thoi thay diéu kién bién bang diéu kién:

i

Ta dugce bai toan sai phan hoan chinh: tim ham luéi w, tai cac nit (i,j)
thoa man hé phuong trinh sai phan (1.2) va diéu kién bién (1.3). Nhu vay
viéc tim nghiém x4p xi cta bai todn vi phan (1.1) véi d6 chinh xac cap hai
dugc dua vé giai bai toan sai phan (1.2) véi diéu kién (1.3) bang phuong

phép dai so.
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1.2.2 Thuit toan thu gon khdi lwong tinh toan
Puoc dé xuit bai Samarski-Nicolaev.

Bang cac phép bién d6i don gian vé vec to va ma tran, c4c bai toan sai

phan ludén luén dugc dua vé hé phuong trinh vec to 3 diém thudc mot trong
cac dang sau day:

1. Bai toan bién thi nhat
Xét bai toan bién thir nhat di vdi phuong trinh vec to ba diém
Y  +CY -Y, =F1<j<N-LY, =F)Y, =F, (14
Trong d6 Y, 1a véc to can tim, C 1a ma tran vudng, F, la vec to cho trudc.

Khi d6 (1.4) duoc viét dudi dang

— (0) ; — —
~Y , +C, ~Y  =F" 1<j<N-1Y,=F)Y, =F, (15

0" N

Budc khir thit nhat:

Tir cac phuong trinh dau cua (1.5) ta khir cacY, voij le. Mudn viy ta
viét 3 phuong trinh lién tiép:
Y +C% —v =F"
ooy Ly — o
0 _
_ijl+C Yj_YjH = I
-Y +0%y, ~-Y =FY
J

1 a2 jHL

Nhan 2 vé cta phuong trinh thtr hai véi C” vao bén trai rdi cong ca 3
phuong trinh lai ta dugc

1) —_ @ 5 _ — _
Y, + Cle ~-Y,, = Fj_ll,] =24,.,N=-2Y =F)Y =F_ (16)
Trong do:
(1 _— ((0))2 1 _— (o) (0) £n(0) 0) 5 _
CY = (CV —2F,FY = P 4 COFY 4 F©) j = 2,4,.N —2.

J

14
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Nhan xét rang hé (1.6) chi chua cac Y voi j chén, sb vécto an Y. la

N LA g A s . fe i Ma a s .
?—1. Do d6 néu giai dugc hé nay thi cac véi | 1€ s€ tim dugc tu

phuong trinh

C(U)Yj — Fj( T Y + Y

i =13,..,N-1 (1.7)
Nhu vay hé (1.5) twong duong véi hé (1.6) va (1.7)
Budc khtr thir hai:
O bude khir ndy ta s& tién hanh khir cac ¥, hé (1.6) v6i j 1a bdi cia 2
nhung khong 12 boi ctia 4. Mubn vay ta viét 3 phuong trinh lién tiép cta (1.6)
Y +CYY Y =F")
—Y , +C" Y Y., =F"(j=48.,N-4)

Jj+2

—
—g+0 Y =F

j+4 Jj+2

Nhan 2 vé ctia phuong trinh thtr hai v&i C'" vao bén trai 16i cong ca 3 vé

phuong trinh lai ta duoc

=Y, +CPY Y  =F%j=48. ,N-4Y =F)Y =F, (18

0" N N
Trong do:

C® = (CVy —2F,F® = F") + CYFY + F1),j = 2,4,..N — 2.

J+2?

N . . : L .
H¢ (1.8) chi chura 5 1 vec to an Yj, trong do ] 1a boi cua 4. Néu giai

duoc h¢ nay thi cac YJ. véi j 1a bdi cta 4 s€ tim dugc tir phuong trinh 2 nhung
khong 1a bdi cta 4 sé tim dugc tir phuong trinh:

CYY =F ,+Y ,+F" j=2610,.,N -2

. 15
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Ctr tiép tuc qua trinh khir nay. Két qua 1a sau bude khir th | ta nhan dugc mot

hé gdom % —1 4n Y, trong do j la boi cua 2

=Y, +CVY,-Y  =F",j=222'32"..N-2\Y, =F.Y, =F, (1.9)

va nhom céc phuong trinh:

+Y ., j=2"32"" . ,N-2,k=[1-1..1 (1.10)

k-1 j+2

C(k—l)Yj :ij(k—l) +Y]

5 o4 A * o L oqa . A
trong d6 cac ma trdn C"'va c4c vec to vé phai F; duoc tinh theo cac cong

thure truy toan:

C(k) _ (O(k—l))Z —2F, Fj(k) _ Fj(f;)l 4+ C(k—l)F(k—l) +F

J j2?

j=2292"392"  N-2k=123.. (1.11)

Tt cac bude khir trén suy ra rang sau n—1 budc khir(/=n—1) ta thu

duoc hé gém mot phuong trinh ddi vai bién

YzN —-1= YN/z
(n-1) _ (n-1) _ (n-1) _ _
C"VY = F" + Yj_w1 + Yj+2“*1 =F"7+Y +Y, )Y =FY, =F, (1.12)

Vé6i vé phdi da biét. Vi vay tir (1.12) ta c6 thé tim dugc Yy, va tit ca cac an

con lai dugc tim lién tiép tir cac phuong trinh

(k-1)y, __ k-1

CHY = F 4+ Yj—2"‘1 + Yj+2k_1

Y, = F,

Y, =F, (1.13)

j=2"132"" 52 N -2
k=nn=-1,..1

Céc cong thirc trén da mo ta phuong phap rit gon hoan toan giai. viéc

tinh cac F“ theo cong thire truy toan ¢ thé dan dén viée tich liy sai s néu

nhu chuan cta ma tran C*™ 16n hon 1. Ngoai ra cac ma tran C* ndi chung
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1a cac ma tran day du, thAm chi ca ma tran ban dau 1a C'” =C 1a ma tran 3

duong chéo. Piéu nay dan dén ting khoi luong tinh toan khi tinh cac F©
theo (1.13). Dé khic phuc nhitng kho khan trén, thay cho F® ta s& tinh cac

vec to piva ¢\ lién hé voi nhau theo cong thirc sau:

=C'pV +¢\",j=222"32" . . N-2k=012..,n-1 (L14)

j
trong d6 ta chon p” va qéo) =F,j=12.,N—1. Bang cac cong thiic

toan hoc, c6 thé thdy moi quan hé ma p'*’va ¢’ phai thoa min nhu sau.

CYpl +q =MV P+ O+ D e

2k1

j=2¢2232 . N— Qkk_12

+q 2].1’

2].1 2&1

(k-1)
le

Ta s& chon p!“”va ¢ thoa man qg,’“) = 2p +q q ). khi d6 két hop

v6i cong thae % + 2E = [C*'T ta co:

CUP =g 4 pl 0+ O !t

2A -1 +2k 1

k— k k—
S = plt 4 plt Y,

J

suy ra S;k_” phai thoa man

CENSIY =g+ p L+

2k 1 +2A -1

Nhu vy ta thu dugc thuat toan sau ddy dé xac dinh cac vec to pva q](.k)

C(k—l)s](/c—l) — QEk -1) + p
— (k
2¢" +p, 2“+p+2m

0 Fp _o,]_2k,2.2k,3.2k,...,N—2k,k:o,1,2,3,...,n—1.

4 ptD gD pgk) 4 p(jk—l)7

2k 1 +2k -1 j

¢ = (1.15)
a)

17
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Ky hiéu t;k_l) =Y, - pi,k_l), ta s& thiy rang Y. co thé duoc tinh tir cac
cong thirc sau:

OF-Dpk=1) q(,k_l) +Y +Y

J J =2kt

Y = pik_l) + tj(.k_l),

j+2F1 T g
. _ . ok k k ko
Y =F;Y, =F,j=2,2232" . N-2k=nn—1..,1 (1.16)

Nhén xét rang cac qua trinh (1.15) va (1.16) ludn can tinh ma trin
nghich dao [C*]". Bang cac phép bién ddi so cap tir cac mbi quan hé cua

21»*—1

1 Lk
ma trdn C’ va da thirc Chebysev C'" = 2T, 50, tacoC" ™V =1], C,.

trong do
20 —1
C’Mf1 =(C — QCOSME.
Nhu vy ching han ta c6 phuong trinh
C" v = o, (1.17)

thi véi viée giai 1an lugt cac phuong trinh

C. v =uw

Lk—1"1 -1

1=12,..2"" v =¢

0
s€ cho ta nghiém cua (1.17)la v=v
Toém lai qua cac bude phan tich trén day ta c6 thuat todn rat gon hoan
toan giai bai toan bién thir nhat nhu sau
e Qua trinh xuoi
Buoc 1.1 Cho cac gia tri ban dau

p§0)7QE—O) = Fa] = 172737"'7N_1

J
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Budce 1.2 Véi k=1 giai phuong trinh

Cpil) = qj(.o) va tinh

V=2p" + ¢ +4\%,5 =246, ,N -2
Budc 1.3 Véi k = 2,3,...,n —1 xac dinh cac vec to
o =g 4 p(k;l + pk;)l,j ok 2.9F 3.2F . N — 2

Saudo véimdi [ =1,2,...,2" " vavéimdi j =2",2.2°.32° ... N —2"  gidi

phuong trinh

Khi do

l

P =pl D 4o g = 2pt gt D kg ) =

¢ Qua trinh ngugc

Budc 2.1 Cho cac gia tri ban dau Y =F,Y, =F,

Budc 2.2 Véi k=n,n—1,...,2 tinh

WO =Y 1Y

j b 21

2F 22" 32" . N2

]_2k132k1 7N_2k71'

Sau d6, véimdi [ =1,2,...,2" " vavéimbi j =2"",3.2"" . N -2 | giai

phuong trinh

Khido: ¥V, = pl) +0” ) j = 2" 22" 325

. 19
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Budce 2.3 Véi k=1, gidi phuong trinh

_ (0 s _
CY, =¢"+Y  +Y .,j=135.,N-1

2. Bai toan bién thir hai

Xét bai toan thir hai
Y, =F,7=0
~Y  +CY, +Y  =F1<j<N-1 (1.18)

—2Y,  +CY, =F,

trong 46 N =2",n>0 dé giai bai toan (1.18) ta ciing thuc hién cac budc khir
lan luot nhu d3 duoc trinh bay & bai toan bién thir nhat. Sau n phép khir ta
nhan dugc phuong trinh

Y =F",
0 0 - - (1.19)
=2Y, + Y, = F
Va nhém cac phuong trinh

C(k—l)y’j — F;(k—l) _|_ }/7-_2k—1 _|_ Y

j+2k—1 )

j=2132"  N—-2"" k=nn—1,..,1

Trong do F"’ va C" dugc xac dinh boi cong thirc truy toan sau day

(k) —
Y =F,

(k) _ k1) (k1) (k-1)
F;’ o qum +C FJ‘—I T Fj+2’H

j=222" . N-2
F(k) — 2F]\Ij:]2-k—l + C(k—l)F(k—l)

N N

C =[C*""} —2E
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Ki hiéu:
FO =CWpt ¢ 5 =222 N—-2"k=012..n
Bang cac phép bién doi don gian va cach chon pi”'va ¢! thich hop, ta
nhan duoc qué trinh sau dé xéc dinh céc vec to p{va ¢\ véi j=N

CEVST =g+ D+ g
pﬁk pk1+Sk1
— 2

le

k)

g\ gl )
j=2" 32k N—2k,k—0,1,2,...,n—1
qj =Fj,pj =0

Tuong tu, voi j=N, ta co:

pﬁj) _ pgvk—n 4+ S(k—n
qN - 2pN +2qN 9fi—1
¢y =Fy.py =0

Trong dé

Y, =pt 4 =232 N2k =nn—1,..,1

j
Trong d6 ™" 1a nghi¢m ciia phuong trinh.

k1)t D -
(k=1)t; :q(.k, 1)+Y

J j—ok!

+Y

G2k

Tom lai, ta c6 thuat toan sau day giai bai toan bién thir hai.
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e Qua trinh xudi

Budc 1.1 Xac dinh cac gia tri ban dau

Budc 1.2 Véi £ =1,2,...,n — 1 xac dinh cac vec to:

o' =gt —|—p 2U+p le,j 2F 2.2F 32" . N —2~

Sau d6, véi [ =1,2,....2"" va véi mdi j=2"22"32" ... N—2"  giii

phuong trinh

Khi do:

P = p Y o g = 2p gl ) =22.203.20 L N -2

J
Budc 1.3 Vi £ =1,2,...,n — 1 xac dinh cac vec to:

vﬁ\?) = qﬁv —|—2p

le

Sau d6, voi [ =1,2,...,2"", giai phuong trinh

)
Cl,kflvN =VN

Khi do

2

py =y oy gy =200 + 24070

22
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¢ Qua trinh nguoc

Budc 2.1 Xac dinh Y,,. X&c dinh vec to

W0 = g +2v,

N

Sau do, voi [=1,2,...,n, gidi phuong trinh

(-1
Cl,nvN T ,UN
Khi do:
Vo=

Budc 2.2 Xac dinh Yj,j =12,..,N—1
Véi k=n,n—1,...,1, xac dinh cac vec to:

VW =g" VY +Y =232 N =2

J J okt j+2

Sau d6, véi [ =1,2,...,2"" va v6i mdi j=2""22"" . N—-2"" | giai

phuong trinh

Khi do:
Yo =pl 4o ) j=2"2.2" 32" N2

J

Trong céc tai li¢u cua Samaski-Nicolaev da chiing minh dugc d0 phuc

tap cua cac thuat toan la O(MxNIlogN).
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1.3 Giéi thiéu thw vién TK2004

Trén co so cua thuat toan thu gon khdi lugng tinh todn ctia Samarski-
Nicolaev, sau ddy luin vin s& gii thiéu cac két qua xdy dung thu vién
TK2004 giai s cac bai toan bién elliptic. Cac két qua di duoc tham khao

trong tai liu [ 1 ].

1.3.1 Bai toan bién Diricchlet

Cho Q 1a hinh chir nhat @ = {z = (z,,7,) € R*: 0 <z, < 1,0 <=z, <1}
Xét bai toan

—Au+cu = f,x € €,
u = p,x € 02 (1.20)

trong d6 f € I(Q);p € I}(T)
Roi rac héa mién Q bing ludi Q,

Q, :{ z=(i,7) = (z,,%,,);2, = ih,z, = jh,;

17724 27

o= 2o M;j=01..,N |}
1 M: ) Na Yty ) 1y

Bang cach bién d6i don gian ta ¢ thé dua bai toan sai phan twong tng
vé hé phuong trinh vec to 3 diém c6 dang nhu sau:
Y  +CY, =Y  =F,j=12.,N-1
Y,=F.Y, =F,
e T
1 }/j - (yl,j’yQ,j’“"yM—l,j) (121)

. .. T
FZ) = (91’0792707"".9]\47170)

. .o T
\YN - (91,N’92,N""’9M—1,N)

( 24
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Ma tran C c6 dang

20r+1)  —r 0 0 0 0
—r 2(r+1) —r 0 0 0
0 —r 2Ar+1) 0 0 0
O : : : : : : ,
0 0 0 2(r+1) —r 0
0 —r 2(r+1) —r
0 0 —r 2(r+1)

2 _
hz 901,]' + Tgo.,j
hy, |

2
hyPor s
2
2 Purcry T T

Trén co s& cua thuat toan thu gon khéi lwong tinh toan cua Samarski-
Nicolaev, st dung ngdn ngir Matlab giai h¢ phuong trinh (1.21).
Xay dyng ham u0000(p,b,,b,,0,,b,,L,,L,,c, M,N,p,,p,,q,,q,) tra lai
nghiém bang sb ciia bai toan trong do
+ MXN 1a luéi trén hinh chir nhat
+ ¢ 1a ma tran gia tri s6 ctia ham vé phai
+ b,,b,,b,,b, 12 vec to gia tri clia diéu kién bién trén cc canh

+ L,,L, 1a kich thudc hinh chir nhat

+ D, P,»4,,9, 1a toa do cua hinh chitr nhat trong khong gian ludi
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1.3.2 Bai toan bién hén hop
Cho mién Q = {:1: =(z,z,)€R:0<z <,0<z, < l2}

Xét bai toan bién hon hop

—Au = p(z);x € (_2,
ju=g(z);x €T

(1.22)
9u _ wz);xz el
[0z ’ ?
trong 46 v € I(Q);9 € (T, );p € L)(T))
I = {:I: = (2,0);0 <z, <[ }U
{:1; = (l,z,);0 <z, < ZQ}U{:U = (0,2,);0 <z, < lz}
I, = {x (7,,1,);0 <z < l1}
Tuong tu, ta dua bai toan sai phan vé hé phuong trinh vec to 3 diém
Y, =F,
—Y;._l—l—C’YjH—YjH:Fj,lgjgN—l (1.23)
=2Y,  +CY, =F,j=N
Trong dé
‘F;) = (ylﬁ()ﬂy27()7”'7yM,17(])T;ij = <y17]‘7y27j7“‘7yM,17j)T;j = 17"'7N
2r+1)  —r 0 0 0 0
—r 2(r+1) —r 0 0 0
0 - 2(r+1) 0 0 0
C = : : : : : : :
0 20r+1)  —r 0
0 —r 2(r+1) —r
0 0 —r 2(r+1)

. 2
3180 hoa boi Trung tam Hoc liéu — Pai hoc Thdi Nguyén http://www.lrc-tnu.edu.vn



2
hye, , + 19,
hyp, .

2
h2 90M72, j
2
My Pyt T

2
hypyy + 2hyp 19,
2
hyo, v + 2Ry,

2
h2 SOM—Q,N + 2thuM—zN
2
| 2 Prr—1n + QhQMMA,N + rgM,N_

Trén co s¢ cua thuat toan thu gon khdi luong tinh toan ctia Samarski-
Nicolaev, st dung ngén ngtr Matlab giai hé phuong trinh (1.23).

Xay dung ham «0001(y,b,b,,0,,b,,L,,L,,c,M,N,p,,p,,q,,q,) trd lai
nghiém bang sb ciia bai toan, trong d6

+ MxN 1a ludi trén hinh chir nhat

+ ¢ 1a ma tran gia tri s6 ctia ham vé phai

+ b,,b,,b,,b, 12 vec to gia tri clia diéu kién bién trén cac canh

+ L,,L, 1a kich thude hinh chir nhat

+ D, P,.q,.4, 1a toa do cua hinh chir nhat trong khong gian ludi

Hoan toan tuong ty, trong cac trudng hop khi didu kién bién Neumann
trén 2 canh, 3 canh hodc 4 canh cta hinh chir nhat, st dung phuong phap sai
phan, chung ta ciing dua bai toan elliptic vé cac hé phuong trinh vec to 3
diém va sir dung thuat toan thu gon khdi lugng tinh todn xac dinh nghiém

bang sd trén ting diém ludi. cic ham duoc thiét lap tuong tu 1a
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10010(...),u0100(...),u1000(...),u1100(...),...,ul 111(...), s€ cho phép xac dinh
nghiém s6 véi cac bai toan tuong Gmg. Trong cac ki hiéu ham trén, ki hiéu 0
tuong Uing véi bién Dirichlet, ki hi€u 1 twong tng véi bién Neumann. Cac hé
théng ham trén da dugc x4y dung thanh thu vién TK2004 cho phép giai s tat
ca cac bai toan bién elliptic véi diéu kién bién hdn hop.

Két luan: Trong chuong 1, luan vin di dua ra mot sb kién thirc co ban
vé van dé tinh toan song song, co s& cta viéc danh gia do phuc tap cua thuat
toan song song va dic biét la dua ra hé théng thu vién TK2004 giai s6 bai
toan bién elliptic trén mién chit nhat. Cac két qua nay 1a nén tang cho viéc

nghién ctru cac ndi1 dung trong chuong 2 cua luan van.
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Chuong 2
PHUONG PHAP LAP SONG SONG

DUA TREN TU TUONG CHIA MIEN

Trong chuong ndy, luan van s& trinh bay cic kién thtic co ban cua
phuong phap chia mién cing cac so d6 1ap co ban cia mot so tac gia trén thé
gidi. Trén co s& cac phuong phap co ban, luan vin s& dua ra mot sd thuat toan
song song giai bai toan bién elliptic, danh gia d§ phuc tap thuat toan va thu
nghiém tinh toan sé trén mdy tinh tuan ty. Cac két qua 1y thuyét dugc tham
khao tir cac tai liéu [2, 3, 5, 7, 8].

2.1 Co sé ciia phwong phap chia mién
Xeét bai toan
—Au = f,z €,

2.1
u = p,x € 0, (2.1)

Trong d6 Q 1a mién d chiéu védi bién Lipschitz 92, ki hiéu n 1a vec to phap
tuyén ngoai ciia mién Q, f 1a ham da duoc cho thudc khong gian (). Gia

st mién Q) duge chia thanh hai mién con khdng giao nhau , va €, ki hiéu

T =0Q NQ, (hinh 1)

Hinh 1
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Khi d6 viéc giai bai toan (2.1) trong mién Q duogc dwa vé viée giai bai
toan trén hai mién con Q, va Q,.Ki hi¢u u  1a nghi¢m ctia bai toan trong
mién €1, ,u, 1a nghiém cua bai toan trong mién €, khidé u, va u, phaithéa
mén cac diéu kién dam bao tinh lién tuc cia ham va dao ham khi chuyén tiép

qua bién I' nhu sau:

u, = u,,Vr €T,
ou ou,
—L=—2Vzel
ou ou
D¢ dang thay rang d€ giai duoc cac bai toan trong €2, va €2, chung ta
can phai xac dinh duoc diéu kién bién cta hai bai toan twong tng trén dudng
phan chia I'. Trong nhitng ndm qua, trén thé gidi da xuat hién mot sé phuong

phap chia mién nhu sau.
2.2 Mt s6 thuét toan chia mién

Trén co s& cua 1y thuyét chia mién tong quat, trén thé gigi da xuat hién

mot s6 thudt toan chia mién cua cac tac gia ap dung dbi véi truong hop cu thé.
2.2.1 Thuit toan chia mién Patrick le Talle.
Xét mo hinh don gian

—Au = f,x € €,

2.2
u =0,z € 01, (2.2)

Chia mién Q = (2, U2, boi bién chung S. Ki hi¢u 4 1a gia tri ham u trén

S, khi d6 ta co6 thé tién hanh giai song song hai bai toan trong mién

Q,i=1,2.
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—Au, = f,r €1,
u, = 0,7 € 00N I, (2.3)
u = A\r €S

Trong d6 A phai thoa man diéu kién tong dao ham phép tuyén trén bién chung
phai tri¢t ti€u tic 1a

0 0
e R R (2.4)
dn,  On,

Nhu vay van dé quan trong nhat 13 phai x4c dinh gia tri 1.
Pé tim 101 giai ciia bai toan, xuat phat tir gia tri A, tién hanh giai song

song hai bai toan Dirichlet

—Au, = f,r €1,
u, = 0,7 € 002N, (2.5)
u = A\r €S

Tiép theo giai song song hai bai toan Neumann

AP =0,z €Q,

1®. = 0,2 € 90N O, (2.6)
o0d 0 0

9% L 9y s

k(?nz_ 2 0n,  On,

Cap nhatlai A = A — p(®, +®,) / 2, qua trinh 13p lai cho dén khi hoi tu.

Thuat toan chia mién Patrick le Talle & trén méi dugc trinh bay dudi
mirc vi phén, trong cac tai liéu da biét da trinh bay phwong phap roi rac hoa
thuat toan vi phan trén co sé sit dung so do lip Seidel co gidn dua cac két qua

thuc nghi¢m trén may tinh dién t&r vo1 mot sb bai toan cu thé. két qua chung
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t& thuat toan la dung dén va do chinh xéc phu thudc vao viéc sai phan cac dao
ham dé nham xac dinh gia tri A trén moi budc lap.

Nhan xét:

+ Xuét phat tir thuat toan co sd, ching ta c6 thé thay: do so dd lip véi
muc tiéu 1a xac dinh gin dung gia tri ham A trén bién chung d6i véi ca hai bai
toan trong hai mién nén ddi véi bai toan bién hdn hop trong mién hinh hoc
phtc tap thi chung ta phai thuc hién phép chia thanh nhiéu mién con méi
tranh duoc bai toan bién hdn hop manh. Piéu nay sé& ting khoi lugng tinh toan
trong cac so do lap.

+ Dbi véi thuat toan Patrick le Talle dd dua ra tu twong chuyén bai toan
trén bién Q vé viéc giai song song hai bai toan trén hai mién Q vaQ,. Tuy
nhién mo hinh chi dung lai & mirc d§ don gian va viéc chimg minh sy hdi tu
ctia thuat toan 1a kho khan. Pong thoi ching ta phai giai song song hai bai
toan phuy 1a hai bai toan Neumann, diéu nay sé lam ting khéi lwong tinh toan.
2.2.2 Thuat chia mién J.R.Rice, E.A. Vavalis, Daopi Yang.

Xét Q 1a da giac 16i thuoec R, d =1,2,....Vdibién 9, xét bai toan:

Cho f € ’(Q);g € H(0Q), hdy tim u € H'(0Q)

Lu = f,z €, ”7
u =g,z € 0N (27)
trong do
i\ 0 ou
L == —(a (z)—)+ . 2.8
=Yg g @8)

Chia mién € thanh hai mién con Ql va QQ nhu sau:
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Q=0 UQ, 0N,

0Q, NN = ¢,00, NN = ¢.

ki higu I' = 092 NOSY, la bién phan chia gifta hai mién. Khi d6 bai toan

(2.7), (2.8) 1a tuong duong vai hai bai todn sau:

9u,

Lo
~6V2

ov

1

[Lu, = f,z€Q,
u, = g,r € 082 N OSY,

14, = u,z €T,

aul 8u2 _0
‘81/1 61/2 7
Lu, = f,x € Q,,

xel.

u, = g,z € 98, N LY,
1, = u,z €T,

L =0,z €.

(2.9)

(2.10)

Trong d6 u,,u, lan luot 14 nghiém trong Q2,8 va v,,v, 1a cac vec to phap

tuy€n ngoai cua I' img véi €2, €2, .

Dinh nghia thuat toan chia mién nhu sau

Chon v” € H'(2 ) véi " =g,n=12.
n n lan,noo
Xay dung day lap v!"™" € H'(Q) voi uffﬂ)‘m ., = 9k =1,2,...Thoa man
"
@) = fxe Q,u, @k1) aulm’) +(1- a)uQ(%),:z; el
Lu2 @) = f o e Q2, ) (k1) — aufk) +(1- a)ul(%),x el
ou (2k+2) ou (2k+1) ou (2k+1)
Lu1 @2 = fre Q,— = f—1 +(1-p)—2 el (2.11)
ov, ov, ov,
au (2k+2) au (2k+1) au (2k+1)
Lu22k+2 fixeQ,, = f[f—2 +(1-p)—2 el
ov, ov, ov
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Véi a, 8 € (0,1) la cac tham ) 1ap dugc chon dé déy nhanh téc do hoi
tu cua so dd lap, vi¢c chon cac tham $6 nay phu thudc vao cach chia mién va
bai toan gdc. V& mit 1y thuyét thi khé xéac dinh cac gia trj toi wu, tuy nhién

qua phan tich 1y thuyét va thuc nghiém da chi ra rang trong nhiéu trudng hop
nén chon a = G = % Khi phép lap hoi tu, giéi han ctia day{u®} s& Ia
nghiém cta bai toan ban dau.

Nhan xét

+ Xuét phat tir so d6 ldp, ching ta c6 thé thay rang do cac bai toan Gmg
v6i chi s6 1¢ 12 nham hiéu chinh gi4 trj ham, cac bai toan Gmg voi chi sé chan
1a hiéu chinh gi4 tri dao ham nén trong trudng hop bai toan bién hdn hop trén
mién hinh hoc phirc tap thi dé tranh gip phai nhiing bai toan bién hdn hop
manh thi phai st dung phép chia thanh nhiéu mién con. Piéu nay lam ting

khéi luong tinh toan trong cac budc 1ap.

+ Do viéc phén chia thanh cac budc ldp chin va 1é doc 1ap nén diéu nay
cling dan toi viéc thiét ké thuat toan song song giai bai toan trong trudong hop
chia thanh nhiéu mién con, tuy nhién ching ta ciing gip phai 2 cip bai toan

Dirichlet va Neumann do d6 do phuc tap thuat toan ciing tang.

+ Viéc chimg minh su hoi tu cta ddy lap bang 1y thuyét 1a khé khan. Tuy
nhién su hoi tu c6 thé kiém tra bang cac chuong trinh thuc nghiém.
2.2.3. Thuat toan chia mién Saito — Fujita

Véi tu tuong hiéu chinh gia tri ham trén bién phan chia, ndm 2001, hai
nha todn hoc Nhat Ban 14 Saito — Fujita dya trén co sé so dd 1ap Dirichlet-
Neumann d3 dé xuat mot phuong phép chia mién giai bai toan bién Elliptic

vO1 di€u kién bién Dirichlet.
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Cho 2 1a mién trong R* voi bién Lipschitz.

Xét bai toan:

—Au = f,x € Q,
u = p,x € 0,

(2.12)

trong d6 f € L'(Q); € H*(052). Chia mién Q = Q U, boi bién chung

r.

Kﬂ@uﬁﬁﬂ{@ﬂ}mmcﬁmemmmd&uw%n@wmhmmgmg.

Tu tudng cua phuong phap Saito — Fujita 1a tim ra xdp xi ¢ = u _ nhan

dugc boi so do 1ap sau:

1. Cho trusc ¢'” xéac dinh trén T,

2. Véi ¢ xac dinh trén T'(k > 0), tién hanh giai lan luot hai bai toan

| k
—Aui )= fr¢€ Q,

k

1u ):go,xel“l,

(
1
k k

‘uy:g(),xef

k
—Aul’) = flx eq,,
k
<U;) :gb,xEFQ’
(k) (k)
3u2 ou

| On’ on'’

3. Hiéu chinh lai gia tri cua ¢* theo cong thuc

g =1 -0)g" + 9u§k),33 el

=——L zeT

(2.13)

(2.14)

(2.15)

trong d6 6 1a tham sé can lya chon dé day lap hoity, 0 < 6 <1
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Ta thay rang, diéu kién lién tuc cia dao ham qua bién phan chia T' da
thoa man, con diéu kién lién tuc ctia ham qua bién phan chia T' phu thudc vao
su hoi tu cua day lap (2.15).

Su hoi tu cta phuong phap lap da duoc céc tac gia chirng minh chat ché
bang ly thuyét cac so d6 lap trén céc khéng gian ham. Tham sé lip téi uu
dugc xac dinh trén cac mo hinh don gian.

Nhan xét

+ So d6 lap trén chi can giai mot bai toan Dirichlet va mot bai toan
Neumann tai mdi budc lap nén khéi lugng tinh toan 1a don gian hon céc
phuong phap trén.

+ Do viéc giai lan luot hai bai toan ké tiép tai mdi budc lp nén ciing co
thé xay dung thuat toan song song trong trudng hop phép chia thanh nhiéu

mién con.
2.3 Cic so dd Lip song song dwa trén chia mién

Trén co s¢ cac phuong phép 1ap co ban, sau day luan van s€ dua ra mdt

s6 thuat toan song song giai bai toan bién elliptic cap hai.
2.3.1 Phuong phap Lip chin 1¢ QD1.
Xét bai toan
—Au = f,x €,
u =@, r € 0, (2.16)

Gia su mién Q dugc chia thanh 2n+1 mién con boi cac bienl' ,T',T',,...,T", .

Q1 QQ Qg o QQk—l sz Q2k+l QQn+1
T
1 FQ s FQk—l F2k 1—‘2k-¢-1 FQn
Hinh 2
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Trén co sO ctia phuong phap chia mién Saito — Fujita chung ta xac dinh

nghiém ctia bai toan theo so d lip sau day.

Ki hi¢u g, 1a gia tri ham trén duong bién I', . Khi d6 vigc giai bai toan

duoc thuc hién nhu sau:

Thuit toan:
Bude 1: Xuit phat tu gl(f) =0, trén bién r

Budc 2: Giai cac bai toan trén cac mién 1é (Q,€2,,...,Q

37000 2n+1)

_Auim) — f)gj c Ql’
u™ =z € I\, (2.17)
;ul(m) - gl(m)7x € F1
(m) _
_Au%fl =/,
(m) __
w, =p,recof, \I, Ul,), (2.18)
(m) __ _(m) .
Uy y = Gop T € ng_l
(m) _ (m)
_u2k = Gy, 5T S ng
[ (m) _
_Au2n+l =/,
) u;z)rl - QO,LE S aQQn+1 \ F2n7 (219)
(m) __ _(m)
;u2n+1 o gQ" L = F2n
Budc 3: Giai cac bai toan trén cA¢ mién chin (€2,,92,,...,Q, )
( (m) _
—Aqu = f,
(m) __
u,’ =@,xeco, \(I', U sz+1)>
(m) (m)
10 _ Oy, (2.20)
= xel,,
o a(I/)
(m) m
8u2k _ 8u2k+1
v o v RS F2k+1
Vk=1,23,....,n.
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Budc 4: Hiéu chinh céc gia tri glim) theo cong thirc.

gémﬂ) = (1 o 9)9;1)1 + ng]gl,x < F2k71

k—1
gt =1 —=0)gy 4+ 0uy x T, (2.21)
Vk=12,...,n

Nhan xét:

+ Su hoi tu cua phuong phap phu thudc hoan toan vao su hoi tu ciua so
d6 lap (2.21). Cac so do lap nay co thé chimg minh su hdi tu twong ty nhu

phuong phap chia mién Saito — Fujita.

+ Theo cac budc cua thuat toan ching ta thay rang trong budc 2, viéc
giai n+1 bai toan trén cac mién Ié duogc thuc hién doc lap. Do dé ta co thé su
dung n+1 bd xur ly doc lap giai n+1 bai todn mot cach song song. Tuong tu
trong budc 3, viéc giai n bai toan trén cac mién chan ciing duoc thuc hién doc
lap. Do d6 ta c6 thé s dung n bo xu Iy doc 1ap giai n bai toan mot cach song
song. Do d6, thuat toan giai trén 2n+1 mién ludén duogc thuc hién song song
bai (n+1) bo xur ly.

+ Ciing theo thuat toan, ching ta thay dé thuc hién duogc budc 3 ta
can c6 dit liéu cua budc 2, nén giira bude 2 va budc 3 phai duoc thuc hién
tuan tu nén thuat toan trén 1a thuat toan song song nhung chua dugc thuc
hién triét deé.

+ Viéc giai cac bai toan trén cac mién con la cac mién don gian (hinh
chir nhat) nén ludn ludn str dung cac ham trong thu vién TK2004.

Panh gia d¢ phic tap ciaa thuat toan

Gia st chlng ta can thuc hién K budc lap dé nhan dugc nghiém xap xi
cua bai toan véi do chinh xac cap hai. Khi d6 hién nhién tai mdi budc lap
ching ta can phai giai song song n+1 bai toan Dirichlet sau d6 giai song song

n bai toan Neumann. V&i mdi bai toan trén theo thuat toan thu gon khéi luong

4386 héa boi Trung tam Hoc liéu — Pai hoc Thdi Nguyén http://www.lrc-tnu.edu.vn



tinh toan co6 d6 phuc tap O(MNlogN) do d6 do phuc tap thoi gian d6i voi
thuat toan la

= 2K x O(MN log N)

compl

Tai mdi budc 13p, Céc bo xir Iy chin can phai g N sb liéu cho cac bo

xt ly 1& dé hiéu chinh gié tri trén cac bién chung do d6 d6 phirc tap truyén
thong dugc tinh theo cong thac

=2Nt, 4 Nt

comm staup data
Tai budc hiéu chinh, N+1 bo xti ly Ié phai tinh toan cac cong thac hiéu
chinh trén cac vecto N chiéu. Do d6 so lwong tinh toan tai budc nay la

t =8KN

comp?2
Nhu vay d6 phac tap cua toan bo thuat toan dugc xac dinh bang
cong thuc

O(T) = 2K x O(MN log N) + 2Nt

staup

+ Nt, +8KN ~ O(KMN log N)
Trong d6 M x N 1a luai chia hinh chit nhat co so.

M@t s6 két qua thuc nghiém doi véi QD1

Pé kiém tra tinh dung din cia so d6 lap song song dang chan I¢, chiing
t6i st dung phuong phap ludi chuyén bai toan vi phan vé bai toan dang sai
phan voi luéi chia hinh chit nhat 13 64 x 64 lu6i diém, sau d6 tién hanh thuc
hién so dd lip song song trén co s& cac ham trong thu vién TK2004.

Trong cac vi du, ki hiéu «"(x,y) 1a nghiém dang cta bai toan, « (z,v)
1a nghiém xap xi sau budc lap tha m, diéu kién ding lap 1a

max ‘u(m)(ac, y) —u (z, y)‘ < e. Ngon ngir sir dung lap trinh 14 Matlab trén

may tinh PC. Kich thuéc cac hinh chit nhat co so ludn lay la a = 1;0 =1,

Cac két qua thuc nghiém thu dugc nhu sau (S6 mién chia la 19)
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Bang 1: u (z,y) = " log(y + 5) — sinylog(x + 6)

Tham s S6 budce lap Sai s6
0.2 40 1.10™
0.3 27 6.10°
0.4 21 3.107°
0.5 17 5.107°
0.6 11 7.107°
0.7 13 9.107°
08 30 9.10°°

¥ X

Hinh 3: D6 thi nghiém xap xi
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Bang 2: u (z,y) = 2* +ye' +4° +ze !

Tham s S6 budce lap Sai s6
0.2 40 8.107"
0.3 36 2.10™*
0.4 21 8.107°
0.5 15 5.107°
0.6 10 7.107°
0.7 17 7.107°
0.8 32 8.10°"

10
N

¥

Hinh 4: 6 thi nghiém xap xi
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Bang 3: « (z,y) = sinzsiny

Tham s S6 budce lap Sai s6
0.2 40 2.107"
0.3 25 2.10™"
0.4 20 2.10™"
0.5 17 2.10™"
0.6 10 2.10™"
0.7 15 2.107*
0.8 35 2.107"

¥ ¥

Hinh 5: D6 thi nghiém xap xi
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Nhan xét:

Qua thuc nghiém c6 thé thay so do lap song song dang chan I¢ QD1 la
hoi tu voi tham sb 1ap @ duoc chon trong khoang (0.1 — 0.9). Tham sé téi wu
duogc chon trong khoang (0.5-0.7).

2.3.2 Phuong phap song song QD2

Xét bai toan

—Au = f,x €,
u = p,x € 0, (2.22)

Gia st mi€n Q dugc chia thanh n mién con boi cac biénl' ' ,..., T’

n—1"

1 2 k n

Hinh 6

Trén co sé ctia phuong phap chia mién Patrick le Talle, chung ta xéac

dinh nghiém ctia bai toan theo so dd lip sau day.
Kihi¢u g, la gia tri ham trén duong bién I' , k= 1,2,3,....n - 1.
Thuat toan:

Buée 1: Xuat phét tr ¢ = 0, trén bién T,

Budc 2: Giai song song cac bai toan trén cac mién

—Auim) = f,x €,
u™ =,z € oQ N\ T, (2.23)
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,_Au;m) — f,a: c Qk
u]im) =,z c o \{I'_,,T'}
1..m) _ _(m) (2.24)
" =g",rel,
u,im) = gém),x el
'—Auflm) = f,z el
<uflm> =,z € 00 \Fn—l’ (2.25)
qum> = gfﬁ),x = Fn—l
Budc 3: Hi€u chinh trén I,
ms1) - au(m) 8”(1,](;”)
m—+ — 1 . 0 m _|_ 0 k . c+1
A A ey v 2.26)

Vk=12,...,n

Nhéan xét:

+ Su hdi tu ctia phuong phap phu thugc hoan toan vao sy hoi tu cua
so do 1ap (2.26). Viéc ching minh so d6 1ap nay hoi tu bang Iy thuyét 1a
khé khin, tuy nhién ching ta c6 thé khang dinh thong qua cac két qua
thuc nghiém.

+ Theo cac budc cua thuat toan ching ta thay rang trong budc 2, viéc
giai n bai toan trén cac mién con duoc thuc hién doc lap. Do d6 ta co thé su
dung n bo xur 1y doc lap giai n bai todn mét cach song song. Do d6 day chinh
la qua trinh xir 1y song song duoc thuc hién bang n bo xu 1y doc lap.

+ Ciing theo thuat toan, ching ta thay dé thuc hién duogc budc 3 ta
can c6 dir liéu cua budc 2, nén giira budce 2 va budc 3 phai duoc thuc hién
tuan tuy nén thuat toan trén 1a thuat toan song song nhung chua duoc thyc

hién triét dé.
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+ Viéc giai cac bai toan trén cac mién con la cdc mién don gian (hinh
chir nhat) nén ludn ludn str dung cac ham trong thu vién TK2004.

Panh gia d¢ phirc tap ciaa thuat toan

Gia sir ching ta can thuc hién K budc lip dé nhan dugc nghiém xap xi
cua bai toan véi do chinh xac cap hai. Khi d6 hién nhién tai mdi budc lap
chling ta can phai giai song song n bai toan Dirichlet. Véi mdi bai toan trén
theo thuat toan thu gon khdi lugng tinh toan c6 do phuc tap O(MNlogN) do
d6 a6 phuc tap thoi gian d6i vai thuat toan 1a

= K x O(MN1logN)

compl

Tai mdi budc lap, Cac bo xir Iy can phai gri N sb liéu cho cac bo xu ly

tong dé hiéu chinh gia tri trén cac bién chung do d6 do phuc tap truyén thong
duoc tinh theo cong thuc

= 2Ntstaup + Ntdata

Tai budc hiéu chinh, bo xir ly tong phai tinh toan cac cong thac hiéu
chinh trén cac vecto N chiéu. Do d6 s luong tinh toan tai budc nay la

= 8KN

comp

Nhu vay d6 phac tap cua toan bo thuat toan dugc xac dinh bang
cong thuc:

O(T) = K xO(MN1log N) + 2Nt + Nt, ~+8KN ~ O(KMN log N)

Trong d6 M x N 1a ludi chia hinh chit nhat co so.

M@t s6 két qua thuc nghiém QD2

Pé kiém tra tinh dang din cua so dd lip song song QD2, ching ti sir
dung phuong phéap ludi chuyén bai toan vi phan vé bai toan dang sai phan véi
ludi chia hinh chit nhat 12 64 x 64 lugi diém, sau d6 tién hanh thyuc hién so dd

lap song song trén co s& cac ham trong thu vién TK2004.
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Trong cac vi du, ki hiéu u*(z,y) 1a nghiém dung cua bai toan, v (z,y)
la nghiém xip xi sau budc lip tha m, diéu kién dung lap Ia
max‘u(m)(a:, y) —u (z, y)‘ < ¢. Kich thuéc cac hinh chit nhat co s¢ ludn lay 1a
a = 1;b = 1. Céc két qua thuc nghiém thu duoc nhu sau (S6 mién chia 1a 19):

Bang 4: u (z,y) = e log(y + 5) — sinylog(x + 6)

Tham sb S6 budce lap Sai s6
0.2 80 1.107*
0.3 67 6.107°
0.4 40 7.107°
0.5 25 5.107°
0.6 18 8.10°°
0.7 17 8.107°
0.8 77 210"

Bang 5: u (z,y) = 2* +ye' +4° +ze !

Tham s S6 budc lap Sai s6
0.2 80 0.003
0.3 66 2.10"
0.4 39 7.107°
0.5 25 5.107°
06 20 6.10°°
0.7 25 8.107°
0.8 73 2.10™"
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Nhan xét:

+ Qua thuc nghiém c6 thé thay so dd lip song song QD2 1a hdi tu V6i
tham s6 lap 6 duoc chon trong khoang (0.1 — 0.9). Tham sé ti wu trong
khoang (0.5-0.7).

+ S0 véi phuong phap 1ap QD1 thi sé lan lap ddi véi QD2 dé dat dén
cuing mot mic sai s 1a nhidu hon. Diéu nay duoc giai thich vi trong phuong
phap QD2, viéc xac dinh nghiém cua cac bai toan lé khong tan dung duoc gia
tri nghiém ctia cac bai toan chan do hai bai toan giai song song véi nhau. Tuy
nhién wu diém cua phuong phép 13 so d6 lp 1a tinh toan theo hé théng song

song hoan toan.
2.4 M6 hinh bai toan bién gian doan
Xeét mé hinh bai toan

—Au = f,x €,

2.27
u = p,x € I, (2.27)

Trong d6 Q € R?, gia s ham va dao ham cuta nghiém phuong trinh bi gian
doan qua duong I tac la:

u —u, =¥ (2),rel,

Oou,  Ou (2.28)

— ——=2 =V (2),rel.

on  On

Mo hinh nay thuong duoc xuat hién trong cac bai toan co hoc va vat ly

Khi moi truong duoc ché tao baoi 2 loai vat liéu khac nhau. Nhiét luong va
thong lugng nhiét s€ bi gidn doan khi qua mot mat phan cach nao do trong
moi truong. Pay cling 1a mot md hinh hién nay dang dugc cac nha khoa hoc

quan tam.
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2.4.1 Phwong phap lip tuian tu

Xuat phat tir phuong phap chia mién Saito-Fujita viéc giai bai toan trén
duogc giai bang cac phuong phéap sau day.

Ki hi¢u ¢ la gid tri cia ham «, trén bién I'. Khi d6 vigc gidi bai toan
duoc thuc hién béng so d0 13p sau day.

Budc 1: Xuét phat tir ¢, trén bién T

Budce 2: Vm = 1,2,..., thuc hién gidi cic bai toan

’—Auf"") = f,z €},
fu™ = o,z € I, (2.29)

(
1
u" =g,z el

(m) _
—u,"” = f,x €8,

<u§m) =p,zel,, (2.30)
8 (m) 8 (m)
e — VU (z),rel
[ On on

Budc 3: Hiéu chinh trén T°

g(m-‘rl) — (1 . e)g(m) 4 e(uém) 4+ \Pl(x))

2.31
Veel ( )

Vi¢c chung minh sy hoi tu cua so dd lap dua ra la chua thuc hién duoc.
Tuy nhién chung ta c6 thé kiém tra duoc bang thuc nghiém.
Trong cac két qua thuc nghiém sau day, ching toi cho trudc cac budc

nhdy W (z),V, (z), diéu kién bién ¢(z) va ham vé phai f(z,y).
Didu kién dimg ldp 1a max ‘u(mH)(m, y) — u™(z, y)‘ < ¢, mién

Q=10,2]x[01],r ={z=1,0<y <1}.
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Vidu 1.
4 2
U (zy) =2 +y
VU (z,y) = 4sinx —log(z +y +2)
o(x,y) = 4dsinx —y® +e"
f =4sin(zy) + e
Céc két qua thuc nghiém thu dugc nhu sau:

Bang 6: Két qua thuc nghiém cua vi du 1

Tham sb S6 budce lap Sai s6
0.1 40 0.0035
0.2 40 7.10°
0.3 40 51077
0.4 40 2.10™"
0.5 36 510"
0.6 28 5.10
0.7 30 5.10 1
0.8 40 210"
0.9 40 0.0015

Hinh 7: D4 thi nghiém xap xi trong vi du 1
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Vidu 2.
U (z,y) =5
v, (z,y) =9
o(z,y) = 4sinx+y° +e" "’
f =4sin(zy) + e
Cac két qua thuc nghiém thu dugc nhu sau

Bang 7: Két qua thuc nghiém cua vi du 2

Tham sb S6 budce lap Sai s6
0.1 40 0.0031
0.2 40 6.107°
0.3 40 6.10°7
0.4 40 2.107°
0.5 35 9.10° "
0.6 28 410"
0.7 31 5107
0.8 40 710"
0.9 40 0.0045

ke

Hinh 8: D4 thi nghiém xap xi trong vi du 2
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Qua thuc nghiém c6 thé khang dinh phuong phép lap d6i voi bai toan
bién gian doan qua mat phan cach 1a hoi tu. Xuét phat tir phuong phép trén,

ching ta c6 thé dé xuat so dd lip song song nhu sau:

2.4.2 Phwong phap Lip chin 16 QD3
Xét bai toan

—Au = f,x €€,
u = p,x € 0, (2.32)

Gid st mién Q duoc chia thanh 2n+1 mién con € ,...,€2, = bdi cac bién
r.,r,r,,..,I', vadong thoi gia tri ham va dao ham gian doan khi chuyén

tiép qua cac duong bién phan chia tirc 1a

[u = v (2),rel,
ou
25;; = qy2k(10,1f Eilﬁk

Iy

Xuit tir so do lap trén, chung ta xay dung so dd 1ap so dd lip dang chén 1¢

giai bai toan trén nhu sau.

Ki hi¢u g, () 1a gia tri ham u,_ trén duong bién I' , voi k =1,2,...,2n
Thuat toan:

Bu6c 1: Xuat phat tr ¢ =0, trén T,

Budc 2: Vm = 1,2,...,tién hanh giai cac bai toan mién 1¢

Q,0,..,0

27 2n417
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(2.33)

(2.34)

(2.35)

Budc 3:Véi moi m = 0,1,2,...tién hanh gidi cac bai todn trén mién chan

0,Q,,..,0

2n

_Aulim) — f)x c Qk
u™ =z e \ (T,  UT)),
8u£m) 8U(m)

CY 8/;—1 -V, (@)zel (2:36)
ou  oul”
5= oy Van@)r €L,
k=24,..2n
Budc 4: Hiéu chinh
g™ = (1—0)g! 9(ulz+;(x)+‘1’1k($))a (2.27)
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Nhan xét:

+ Su hdi tu ciia phuwong phap phu thuoc hoan toan vao sy hoi tu cua
so dd 1ap (2.26). Viéc ching minh so d6 1dp nay hoi ttu bing ly thuyét 1a
khé khin, tuy nhién ching ta c6 thé khang dinh théng qua cac két qua
thuc nghiém.

+ Theo cac budc cua thuit toan ching ta thay rang trong budc 2, viéc
giai n bai toan trén cac mién con duoc thuc hién doc 1ap. Do do ta co thé su
dung n bo xur Iy doc lap giai n bai toan mot cach song song. Do d6 day chinh
la qué trinh xir 1y song song dugc thyuc hién bang n bo xu 1y doc lap.

+ Ciing theo thuat toan, ching ta thay dé thuc hién duogc budc 3 ta
can c6 dit liéu cua budc 2, nén gitra bude 2 va budc 3 phai duoc thuc hién
tuan tuy nén thuat toan trén 1a thuat toan song song nhung chua duoc thyuc
hién triét dé.

+ Viéc giai cac bai toan trén cac mién con la cac mién don gian (hinh
chir nhat) nén ludn ludn st dung cac ham trong thu vién TK2004.

Panh gia d§ phirc tap ciaa thuat toan

Gia sir ching ta can thuc hién K budc lip dé nhan dugc nghiém xap xi
ctia bai toan véi do chinh xéc cip hai. Khi d6 hién nhién tai mdi buéc lap
ching ta can phai giai song song n bai toan Dirichlet. Véi mdi bai toan trén
theo thuat toan thu gon khdi lugng tinh toan c6 do phuc tap O(MNlog N) do
d6 a6 phuc tap thoi gian d6i vai thuat toan 1a

t = KxO(MNIlogN)

compl
Tai mdi budc 1ap, cac bod xt Iy can phai giri N s6 liéu cho cac bo xu ly
tong dé hiéu chinh gia tri trén cac bién chung do dé d6 phuc tap truyén théng
duoc tinh theo cdng thac

t =2Nt, + Nt

comm staup data
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Tai budc hiéu chinh, b xir ly tong phai tinh toan cac cong thac hiéu
chinh trén cac vecto N chiéu. Do d6 s lwong tinh toan tai budc nay la

t =8KN

comp?2
Nhu vay d6 phac tap cua toan bo thuat toan duge xac dinh bang
cong thuc

O(T) = K x O(MN log N) + 2Nt

staup

+Nt,, +8KN ~ O(KMN log N)

Trong d6 M x N 1a luéi chia hinh chit nhat co so.

Thuat toan song song QD3 ciing c6 thé kiém tra sy hoi tu théng qua céc
chuong trinh thuc nghiém twong tu nhu thuat todn QD2. Cac két qua thuc
nghiém khang dinh tham sé lya chon téi wu ciing trong khoang (0.5-0.7).

Két luan: Trong chuong 2, luan vin d3 dua ra mot s6 so do tinh toan
song song giai bai toan bién elliptic dya trén tu twong chia mién. Cac so do
nay da dugc kiém tra bang cac chuong trinh thuc nghiém thong qua nhiéu vi

du khrfmg dinh sy hoi tu cta céc so do.
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PHAN KET LUAN

Noi dung chinh cta luan van da dé cap dén céc so do tinh toan song song
giai bai toan bién elliptic dua trén tu tudng chia mién cta cac tac gid trén thé

gidi. Céc két qua chinh cta luan van dat duoc bao gom:

1. Luén vin d4 tim hiéu céac kién thic co ban vé 1y thuyét tinh toan song
song, phuong phap sai phan va thu vién TK2004 giai sd bai toan bién elliptic

vo1 hé s0 hang trén mién chit nhat.

2. Tim hiéu vé co s& phuong phap chia mién va dac biét 1a phuwong phap
chia mién cia céc tac gia Saito-Fujita dua trén tu tuong hiéu chinh ham trén
bién phan chia.

3. Trén co so cia phuong phap Saito-Fujita, Luan vin dua ra 2 so d6
lap song song QD1 va QD2 giai bai toan bién elliptic v6i sé mién chia 1a
tuy y, d6i voi mdi phuong phap di danh gia 6 phirc tap cia qua trinh xt 1y
song song, tinh todn thtr nghiém trén nhiéu vi du khac nhau. Cac két qua
thuc nghiém da khéng dinh sy hoi tu cua cac so dd tinh toan song song

QD1 va QD2.

4. Luan van nghién ctru mo hinh bai toan bién gian doan qua mat phan
cach. Trén co sO cta phuong phap Saito-Fuijta, ludn vin dua ra so do lap
song song dang chin 1¢ QD3 giai bai toan bién elliptic v6i sb mién chia 14 tiy
y, danh gia do phtc tap cua qua trinh xur 1y song song, thir nghiém trén may
tinh dién tir. Cac két qua thuc nghiém di khang dinh sy hdi tu cia so do tinh
toan song song QD3.

Hudng nghién ctu tiép theo ctia luan vin 1a nghién ciu dé thuat cac
thuat toan song song khac dua trén cac tu tuong chia mién khac nhau ap dung
VA0 céc bai toan phirc tap hon, dong thoi tién hanh thuc nghiém 4p dung mo

hinh tinh toan song song d6i véi cac bai toan trong thuc té.
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