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Abstract. A model computing two-dimensional flows with arbitrary geometry is designed. Two
first-order approximation techniques of spatial derivatives (the Green’s theorem technique and the
directional derivative technique) have been proposed for finite differences on unstructured triangular
meshes. Three semi-implicit time matching methods beside the third order Adams-Bashforth scheme
are used in integrating the water shallow equations written in both non-conservative and conservative
forms. To remove spurious waves, a filter has been design. The model code is paralleled for both
of shared memory and distributed memory computers with CSP language. The model is tested
on rectangular grids triangularized after the 8-neighbours strategy. An analytical test and a real

application in simulating tidal waves show reasonable results.

Tém tAt. Mot mo hinh tinh todn dong chdy hai chiéu dwoc thiét ké cho mién tinh c¢6 hinh dang
bat ky. Hai ky thuat xdp xi dao ham khong gian bac nhat (st dung dinh 1§ Green va s dung dao
ham huwéng) dwoc 4p dung trong sai phan hiru han trén lwéi tam gidc phi cdu tric. Cung véi so do
tich phan thoi gian bac ba Adams-Bashforth, ba so d6 tich phan bin an duoc st dung tich phan
hé phuong trinh niréc nong duéi dang khong bdo toan hodc bdo toan. Dé loai bé céc séng nhidu
xuét hién khi tich phan, mé hinh can st dung thém mét bo loc. Ma ngudn chuwong trinh duoc song
song héa cho hé thong mdy tinh song song chia sé nhé va may tinh song song phan tdn nhé st dung
ngoén nglt CSP. Kiém thit mé6 hinh duogc thuc hién trén lwéi chir nhat da duoc tam gidc héa théng
qua chién thuat sit dung tdm diém ké. Kiém thir véi mot bai todn ¢ nghiém gidi tich ciing nhw tmg
dung thue té trong tinh todn thuy triéu déu cho cic két qua hop 1.

1. GIOT THIEU

M6 hinh tinh dong chay trong song, ho hay tai cdc viing ven bién ¢6 kha nang moé phéng
dwoc nhiéu hién twong tir nhién, cdc hién twong dwoc phan bé trén mot dai rong tir nhéd dén
16m, doi hdi mot lwéi véi do phan giai bién déi phu thude vao tirng bai toan nhat dinh. Do
dé trong mé phéng ludi phi cau triic sé thich hop hon so véi lwdi phan bé déu c¢é cau tric.
C6 hai phwrong phép mé hinh héa thwomg diing st dung lwéi phi cau triic 14 thé tich hitu han
va phan tir hitu han. Mot 6 lwéi dang tam gidce, tit gide hay da gidc déng vai tro mot phan
tir co 8¢, trén dé ta gidi hé phwong trinh dai s6. Ngudi ta thwong sir dung phwong phép the
tich hiru han hon la phan tit httu han do hé phwong trinh duéi dang thong lrong ciia né dam
béo tinh bdo toan cia dong lwong, khéi lwong va nang lwong trong két qua tinh toan (mot
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yéu cau quan trong véi cac bai toan trong co hoc chat 1dng). Diem mau chdt trong phwong
phap la phai dam bao tinh duy nhat trong tinh toan thong lwong trao doi gitta hai 6 lwéi bat
ky.

Ngoai hai phwong phdp thong dung co ban da néu trén nguwoi ta con st dung phwong
phép sai phan hitu han. Phwong phdp sai phan hitu han gan lién véi viée stt dung lwéi dong
nhat (thong thwong la lwdi chir nhat do phan gidi ¢6 dinh). Dieu nay bat nguon tir ky thuat
xap xi dao ham duwa trén khai trién Taylor ma phwong phép sit dung. Trong bai bdo nay mot
s6 ky thuat xdp xi dao ham khéc sé dwoc tiép can véi muc dich mé rong phwong phép sai
phan hiru han trén cdc ludi phi cau tric.

2. THIET LAP MO HINH

2.1. Hé phuong trinh co s&

Mo hinh dwoc thiét lap duwa trén hé phwong trinh Saint Venant hai chitu mé ta chuyén
dong cia chat 1ong dwéi dang khong bao toan

ou ou ou 8<h+2> . Tox Twr

ot Oz oy oy ph  ph

on  ohu  dhv

ot ox oy

hodc dwdi dang bao toan

8]9 0 p2 0 Pq a<h+2) . Tox Twz
8t+8x(h)+8y(h2)+gh G~ A B) = fa kTR =
0 0 0 a(h w
_q+_(m)+_(q_)+ghm_diff<q>+fp+@_f_y:0 (2)
ot dx\h Oy \ h oy p p
on o "og
ot dx Oy

trong dé, u, v : van toc dong chdy tinh trung binh theo do sau; p, g : luvu lwong nuée; h : do
sau; z : do cao dia hinh ddy; ¢ : gia tdc trong truwong; diff : s6 hang khuéch tén réi; f : tham
s6 Coriolis; p : khoi lwong rieng nuéc; Th,, Thy @ Gng sudt ma sét tai ddy; Twe, Twy @ NG sUat
bé mit do gié.

U‘ng suat ddy c6 thé xac dinh tir cong thite Chezy nhu sau

wn gVl
p (Ch)?
v6i Cp, 1a hé s6 Chezy dwoc cho béi
R1/6
=
n

trong d6, R la ban kinh thiy luc va n 1a hé s6 nham Manning. Mot cong thire kinh nghiém
khdc cho ting suat ddy

T _gn®|V|V

ph — h4/3
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ting suat bé mat do gié duoc tinh theo cong thire sau

Tw=Cil2 W W
P

v6i Cy : hé s6 kéo theo; p, : khoi lwong rieng khong khi; W gié bé mit.

Céc s6 hang réi duwoc thiét 1ap theo cdc so do van chuyén dong lwong réi dudi dang bac
hai, bac bon hay bac sdu. Mot so dd néu dwoe lwa chon thich hop sé loc bd cac séng nhiéu
xudt hién trong nghiém tinh todn duwéi dang céc séng ngan cao tan trong qua trinh tich phan,
ngoai ra con dam bao do 6n dinh cia so do s6.

2.2. X&p xi dao ham khoéng gian

Gid dinh f 13 ham s6 ma ta mudn xdc dinh dao ham khong gian cia né mot cach gan
ding. Do moé hinh duwoc thiét ké trén lwéi tam gidc nén cic ky thuat méi xap xi dao ham
khong gian can dwoc xay dung mot cach thich hop khic véi k¥ thuat khai trien Taylor trén
lwéi déu chir nhat thong thuomg. C6 hai ky thuat cho phép xdp xi cdc dao ham khong gian:
str dung dinh Iy Green va xéc dinh dao ham theo huéng.

2.2.1. Sw dung dinh lj Green

Gid st M 13 diém tai d6 ta muon xdc dinh cédc dao ham khong gian. Panh s6 cic diém
xung quanh M trén lwéi tam gide theo chiéu nguoc chieu kim dong ho lan Iwot 14 1,2, -+, n
(Hinh 1)

-1

™

2 NS

Hinh 1. So db céc diém lwéi minh hoa céch thiét lap cong thitc
xap xi cac dao ham khong gian theo dinh 1y Green

Dién tich da gidc hinh thanh bdi cdc canh 12,23, -+, nl duwgc ky hiéu 1a S, chu vi duoc ky
hiéu 14 C. Ap dung dinh 1y Green véi tich phan thuc hién trén mién S theo cic dao ham
khong gian cuia f ta duoc

15 2Las — § g eos(i, w)ac  § fay
S C C

ff gdS = —ffcos(ﬁ,y)dC: —ffdx
s Oy C C

véi m 1a vector phép tuyén ngoai cia C. Tl day ta duoc
of 1
o —§rd
O ng Jdy
of 1
= §fd
Ay ngf “
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Bay gi¢r ta gid dinh cdc dao ham khong gian khong bién déi trong S
Of(w,y) _ Of(x,y) (

e o @y Es
of(x, of(x,
f(ayy) f(ayy); (.y) € S
vi dao ham khéng gian tai M cé thé tinh dwoc theo cong thitc xap xi sau

af 1
| ==29¢fd he
puly 54 A+ Oh) ;
o =g f fdx+ Oy ¥
A, —_— x*
Oyl M S & Y

trong d6, h,, hy la khoang cich cuc dai tir M t6i cdc dinh cia da gidc S twong tng theo truc
x va .

Tich phan dwomg theo duomg cong kin C' trong (3) 1a tong tich phan theo céc canh cla
da gidc S. Thue hién x4dp xi tuyén tinh don gidn cho moi tich phan nay ta dwoc

ffdy/fdy+/fdy+---+/fdy
C

f1+f2< )t fﬁf( —o et )
ffd.%‘/fd.%“f*/fd.%“f* /fdgc
:fl;er(mz—m)Jr7f2;rf3(903—962)+"'+fn;rfl(%’l—xn)

Clng ap dung dinh 1y Green khi tinh dién tich S ta ¢6

/S/dexdy—fydx

véi f ¢6 thé 1a a hoac y. Tl day ta c6 hai cong thirc xap xi dao ham khong gian tai M nhuw

sau
af1 S —foyi A ot — five

ox M T1Y2 —X2y1 + -+ Y1 — T1Yn
Oy 1M Y2 — X2Y1 Tt TpYt — X1Yn

Céc dao ham khong gian cap cao hon cling dwoc xap xi twong tu. Dé xdc dinh dao ham cap

n truée hét ta xdc dinh dao ham cap (n — 1) tai tat ci cdc diém trong mién tinh, sau dé ap
dung cong thirc (4) v6i f la cac dao ham cap (n —1). Duéi day 1a cong thitc xde dinh cdc
dao ham cap hai tir cdc dao ham bac nhat

Pr fiye— ot L — flvs
OxIM  w1ys —@2ys + -+ TpY — 1Yy
FPr . flee—fere -t e — fla,

Oy? Im 1Yz — X2y + -+ XY — X1Yn
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2.2.2. Si dung dao ham theo hudng

Néu n la mot vector lam véi vector dom vi trén truc Ox mot géc o thi dao ham khong
gian clla f theo huéng cila vector n sé dwoc cho bdi
of of
~. = —cosa -+ ——sina. 5
=5 By (5)
Bay gior gid st O la diém tai dé ta muén xap xi cdc dao ham khéng gian. D& thuc hién diéu
nay ta st dung dao ham theo hwémg tai O téi hai diém lan can la P va @ (Hinh 2).

L

Hinh 2. So db céc diém lwéi minh hoa céch thiét lap cong thirc xap xi
cic dao ham khong gian tir danh gid dao ham theo huéng

Truwéce hét ta dinh nghia géc gitra cac vector ¢, OP, OQ nhu sau

T — T —
-  — -  —

ap=0P,1; ag=00Q,1
— —

Stt dung (5) véi vector n lan lwot 13 OP va OQ ta c6

(/)HP - %‘ cosap + %‘ sinap = %;PJCO 1 o(oP)
T60 = 8]; cos ag + —‘ sinag = fQO—QfO +0(00)
Bé qua cac s6 hang bac cao, ta ¢
o cos ap + f‘ sinap _fe—Jfo
o - oP
%‘OCOSO‘Q + 8_y‘oSmO‘Q - %

s . ~ N s ~ . Al . A
Giai hé nay véi mot s6 bién doi ta thu dwoc nghiém sau

% o 25[f0<yP —y) + /r(ye —yo) + fo(yo —yr)]

8—y‘o = —ﬁ[f()(xp — .%‘Q) + fP(xQ —x0) + fQ(mO —ap)]

(6)

Quay trd lai véi Hinh 1, khi ta mudn xap xi dao ham khong gian tai M ma lan can M 1a mot
tap hop n diem. Nhuw vay 4p dung (6) cho méi tam gidc M12, M23,---, Mnl ta cé duoc n
danh gid khac nhau cho dao ham khéng gian tai /. Céch don gidn nhat dé€ thu dwoc mot
cong thire xdc dinh trong trudng hop nay 1a ldy trung binh cia tat ca cdc ddnh gia nay
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&%H

_ l % _f
8y M12 8y M23 8y Mnl

S |

Trung binh héa cé thé thuc hién phitc tap hon néu ta tinh dén trong s6 cho moi tam giac
phu thuoc vao dién tich cing nhw khoang cach ciia né dén M. Tuy nhién trong cdc phan sau
ta chi thue hién don gidn 14 trung binh s6 hoc.

Tinh todn véi cdc dao ham bac cao cling dwoc thue hién twong tw nhw da néi trong phan
st dung dinh Iy Green.

2.3. Phuong phap tich phan

C6 nhieu phuwong phap tich phan thoi gian khic nhau cé thé tim dwoc trong céc tai lieu
dong lwe hoc chdt 1dng tinh todn. Ta c¢é thé lra chon mot phwong phép thich hop két hop
véi hai ky thuat xap xi dao ham khong gian da néi trén. So do Adams-Bashforth bac ba sé 1a
mot lwa chon t6t nhd do chinh xdc cao (bac ba vé thoi gian) va hiéu qua kinh té trong tinh
toan (day la phwong phap hién). Ching t6i da lwa chon sir dung so A6 nay cho hé phwong
trinh co ban dudi dang bdo toan (2). Ky hiéu f la dai lwrong ma ta muén tich phan theo thoi
gian, so d6 Adams-Bashforth bac ba cé dang sau

8fn 8fn71 8fn72
n+1l _ rn
23 16 5 )
=g ol ot o
véi chi s6 trén 1a chi s6 thoi gian, At 1a buée thoi gian.

Véi hé phuong trinh dang khong bado toan (1) chiing t6i sit dung phwong phap ban an
thong qua xir Iy an céc s6 hang binh lru va xay dung ba phuwong phép ban an khéc nhau,
ching dwoc lan lwot trinh bay dwdi day.

Phuong phdp 1: Viét lai hé phwong trinh (1) dudi dang sau véi cdc s6 hang & vé phai duoc
bieu dién chung bang dai lwrong F

@

5“ g
8y7Fv
IR

va sai phan héa ta duoc

n—1
wr — 0wl
7 7 Fn_fl
At 1 + laa ur
ot — p|n—1
7 7 it _ Fn_fl 7
A oyl vi ")
R — Ryt o (au N 811) el
At dx Oy hi

Céc dao ham khong gian trong (7) dwoc xap xi theo hai k¥ thuat chinh da nhac t&i trong
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phan trén. Gidi hé phwong trinh nay ta thu dwoc 1o giai hién duéi dang sau

Lowrh AtF”’l
= ou
1+ At( )
ox/ i
B +AtF”*1
1+ At(gv) (®)
Y
I e eiN) o
i ou  Ov
N )
or Oy
DPay 13 phwong phép tich phan ban an thit nhat.
Phuong phdp 2: hé phuong trinh (1) dwgc viét lai
ou n ou n ou I
— +tu—+v—=F,
ot ox oy
Ov ov n ov I
— ftu— F+v— U
ot Ox 0
oh h(@u 8’0) oh oh 0
PR R —_— U— P— =
ot dx Oy Oz 0
Sai phan héa hé nay ta dwoc
n—1
up —u; Ou|n Ou |n—1
% n_ " = _ Fn_fl
At o O i " Oy li w
v — ’u?fl . L O0v|™ L, O0v|n—1 1
Al ol TU gl Tl
h?—h?1+h(8u+8v)n1+ pOht LOh el
At ox Oy Y Bl Y ayli
Hé nay cho ta mot hé phwong trinh tuyén tinh ba an
alu? + bl’l}? - d1
agu? + bg’l}? - dg

azuy + bzv + c3h? =0

trong dé,
0 0
a =1+ At—u TN il e R S N o
P 8.%‘ % P 8y 11 ’ “
P T S +At—” Loy = o ALY
8‘%ah it C w0
U v
N e S N At(— )
T I e P TN T/l
Giai hé ta duwoc
L, diba —daby
U = —-
' arbe —agbh
_ aidy — azd;
a1b2 — a2b1
p azu; + bav}

€3
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Phuong phdp 3: viét lai hé phuong trinh (1) duéi dang

ou ou ou oh

at ox oy
ov ov ov oh

it i it = F,
ot Jru@x Jrv@y Jrg@y
8h+h(6u+8v) 8hJr oh 0
PR R —_— U — P—— =
ot or Oy ox oy
sai phan hoa duwoc
n n—1
Uy — U no1 O, O 8h‘” n—1
AR el —| = I
At o 8mi+v’ 8yi+gaxi w
,U:'L _,U;(Lil + n—1 v n+ n—1 v n+ Oh | anl
< 4yt — v — —| =F
At ) tooxli todyli g@y i v
hr — R ou  Ovy|n Oh|n Oh|n
7 z h'r_zfl (_ _) n—1-"" n—-1-""1" 0
Ar G Tl T gl T Gyl

Véi N diém trong mién tinh cho ta mét 3N phwong trinh véi 3V an. Pay 1a mot hé phuwong
trinh dai s6 tuyén tinh véi ma tran hé s6 la ma tran thuwa. Do dé ta cé thé giai hé nay bang
nhiéu phwong phép lap khéac nhau.

Khéc biét co ban cia phwong phap nay véi hai phwong phap trén nam trong céch xi ly
an s6 hang binh lru. Néu hai phwong phép truéde xir 1y an toc do dong chay thi phwong phép
nay xir Iy an céc s6 hang dao ham khong gian.

Trén thue t& ba phwong phdp ban an néu trén dwoc thue hién phitc tap hon. Tai moi
burée tich phan thoi gian mot chuwong trinh lap gidi dwoc thue hién nham nang cao dé chinh
xé4c cla két qua. Dieu nay cé nghia rang ta khong xéc dinh ngay gia tri bién tai thoi diém ké
tiép ma dwa vao mot qua trinh lap gidi cho téi khi dat t&i mot do chinh xéc can thiét. Qua
trinh nay c¢6 thé mo ta ngan gon nhuw sau: biéu dién cdc bién mé hinh béi vector 57 gia tri
cdc bién moé hinh tai thoi diém (n + 1) ¢é thé dwoc biéu dién qua mot cong thirc tong quét

N 2 . ’ . . N oA
tlr gi4 tri cdc bién tai thoi diem n:

¢ =F(q)
Qua trinh lip gidi s& dwoc bieu dién dwéi dang gidi ma:
q=1q9"
do
9 = 9q
¢ = F(q)

error = max|q; — qol

while (error > epsilonqy;)

M =q

trong dé, error la sai s6 cuc dai gitra hai Ian 1ap lién tiép, epsilon 1 sai s6 twong déi cho phép
nhidm xéc dinh su hoi tu (trong phan nay ching toi 14y bang 1°/%9), go 13 bién trung gian lru
trir gia tri cadc bién mo hinh cho Ian lap hién tai gitp xdc dinh gid tri sai s6, chi s6 dwéi @ xac
dinh diém tai dé sai s6 cuc dai. Véi sai 6 lya chon 14 19790, théng thudng s Ian lip ndm

trong khoang tir 2 dén 5.
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Vi du khi lip gidi véi cong thirc (8), tinh gid tri cdc bién tai thoi diém n tir gid tri cdc
bién tai thoi diém (n — 1), tai lan lap thit j ta c6
0 (J'*l) JrAtF(j*l)
S duy |1
1+ At( s
8.%’ <z
0 _ ’Ul-] +ALE

K 1 +At(av) G

( )8y i (-1)
j-1 j-1
() _ h; + ALF
: ou 811 (G-1)
N )
or Oy
Riéng tai lan lap dau tién j = 0 ta ldy gid tri cdc bién ban dau bang gid tri cla
ching tai thoi diem hién tai
u(o) _ u;zfl’ sz) _ ,Uzzfl; hzO) _ h;zfl

h(]) _ h(] 1)
max ( h(.jfl) ) < &

Cudi ciing ta ¢é duoc gid tri cde bién cho bude thoi gian ké tiép n : ul?, v* va h?.
2.4. Piéu kién bién

Néu chuyén cac s6 hang réi sang phai va xem nhuw mét ham da biét, hé phwong trinh
(1) c6 thé bién déi thanh dang doi xing cé tinh chit hyperbolic twa doi xing. Cac gid tri
riéng cla ma tran Jacobian cia hé niy cho ta toc do pha cia cdc séng di vio va di ra mién
tinh. Céc toc do niy phu thudc vao thanh phan van toc phdp tuyén u,, va van toc séng trong
treomg ¢. Do d6 s6 diéu kién bién can cho truédc bang s6 séng di vao mién tinh. Bédi vay 6
dieu kién bién phu thudc vio tlirng bai todn cu thé, doi héi ta phai thiét ké mot bo khung
tong the trong xit 1y diéu kién bién. Dwéi day la cdc dang dieu kién bién dwoc mé hinh xit Iy

bieu kién bién cho trwéc cé thé la van téc dong chay wu,v; hodc lwu lwong p, ¢; hoac do
sau muc nuée h.

bieu kién bién tai bién citng: thanh phan vector phdp tuyén u, bang khong.

bieu kién bién tai bién 16ng: 1a4 mot ham cho truée hodc diéu kién phat xa.

Phu thudc vao s6 dieu kién bién cho trirde ma ta can bé xung mot s6 cac phwong trinh
trén bién. Str dung phwong phép déc trung (xem [10]) da thiét lap dang cia cdc phuwong trinh
b6 xung nay trong truong hop dwong bién song song véi cac truc toa do. Tuy nhién do mé
hinh dwoc xay dung dua trén lwdi tam gidc nén nhirng phuwong trinh nhuw vay khéng the ép
dung truc tiép, do dé ching téi huwéng dén mot cich tiép can don gian hon. Néu gid tri mot
bién khong dwoc cho truwde, gia tri cia né sé dwoc xdc dinh tir cdc phuwong trinh sai phan
trén bien.

2.5. Loc nhiéu
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Bo loc sé& duwgc thue hién tai tat cd cdc diém sau mot s6 buée thoi gian nao dé véi mot
6 Ian cho trude. Dwéi day 1a vi du loc loai bd séng cao tan véi do sau h. Gia tri cla h tai
M (Hinh 2.1) dwoc xdc dinh nhw pau _ (1 — w)hay +whn ()

véi w 1a trong 6 loc (dwoc 14y bang 0.02 trong mo6 hinh nay) va trung binh cta h dwoc tinh

tir tat cd céc diém xung quanh — 1
ST R = (b e )

St dung b6 loc (9) tinh bdo toan khai lwgng c6 thé bi vi pham, tuy nhién khi thir nghiém vé&i
céc bai toan khéc nhau nhitng vi pham nay 1a khong dang ké nhuwr trinh bay trong phan duwéi
day.

2.6. Song song hdéa

Nham tang cwong hiéu nang tinh toan (chd yéu la vé mat thoi gian) cia mo hinh ching toi

da thuce hién song song héa chwong trinh. (6 hai hwéng song song héa chinh lién quan dén viéc
hé mdy tinh ho tro bo nhé chia sé hay bo nhé phan tdan. Chiing t6i da thire hién song song héa
theo ca hai huéng nay sir dung ngon nglr mo té song song CSP (Communicating Sequential
Processes) da dwoc thuc hién trén Java dudi dang thw vien JCSP (Java Communicating
Sequential Processes).
Téc giad cia CSP 1a Hoare [5] khi ong da ra ¥ tuwdng twong téc cia cdc tién trinh song song
qua kénh tin. Mé hinh CSP c¢6 mét nén tang toan hoc virng chic da dwoc kiém ching v
tiép tuc phat trién trong khodng 20 nam qua. N6 dwoc thuc hién trong cdc ngdén ngir nhw
Occam va Lotus, duoc tich hop vao trong cic thu vién cia C, C++ va Java. CSP ¢6 tng
dung hién nhién nhat trong dic ta, thiét k&, thwe hién hé théng tinh toan. Y twdng co ban
14 phan gidi hé thong thanh cdc tién trinh song song twong tac lan nhau. Két cdu song song
gifra, c4c tién trinh cling don gian nhu két cau tuan tu cia cdc cau lénh trong ngoén ngir 1ap
trinh truyén théng.

2.6.1. Song song héa trén hé chia sé nhé

Trong phan nay va phan sau ching toi thuc hién song song héa cho mé hinh tinh todn
dong chay hai chiéu sit dung so doé tich phan Adam-Bashforth bac ba.

Nhin chung song song héa trén hé chia sé nhé luén don gidn hon so véi song song héa
trén hé phan tdn nhé. Khi khong gian dir liéu 1a chung cho moi bd xir 1y trén hé chia sé nhé
nhiém vu co ban s& nam & song song héa tidc vu. V&i mo hinh cia ta diéu nay thwc hién dé
dang do tinh todn tai moi diém chi lién quan dén cic diém ké véi né. Mdi bo xik Iy s& chi can
tap trung xit 1y trén tap hop cdc diém trong mién tinh dwoc xéac dinh tir dau cho né. Tuy
nhién tai méi buéc thoi gian cdc b xit 1y phai dwoc dong bo, ddm bdo mitc thoi gian tich
phan, khéng cé diém nao thuc hién nhanh hon diém nao.

Duwéi day la doan ma nguon chwong trinh chinh tich phan thoi gian
for(int it=0;it<nt;it++)

{ if (update) setBoundary((it+1)*dt);

Jor(int k=0;k<n;k++) point[k].computeFlux();

Jor(int k=0;k<n;k++) point[k].derivative();

Jor(int k=0;k<n;k++) point[k].integrate(it);

if ((filter) €965 (it%filterStep == 0))
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{ for(int i=0;i<npass;i++)
{ for(int k=0;k<n;k++) point[k].filler (weight);
Jor(int k=0;k<n;k++) point[k].update();}}}
O day point 1a mang mot chieu quan 1y cdc diém Iwéi trong mien tih, nt 1 s6 bude thoi
gian, dt 1a budéc thoi gian, it 1a chi s6 chay cia thoi gian, n 14 s6 diem lwdi, k14 chi s6 chay
clia cac di€ém, npass la s6 1an lap, 7 14 chi s6 lap, weight 1a trong s6 lap, filterStep 1a chu ky
lip tinh theo s6 budc thoi gian, update cho biét ta cé cap nhat bién hay khong, filter cho biét
ta c¢6 thuc hién loc hay khong. Céch thuc hién cia chwong trinh kha dom gidn: truéc hét
ta thuc hién cap nhat gid tri trén bién, tinh cac thong lwong tir dé xac dinh dwoc dao ham
khong gian. Sau khi tich phan ta sé thwe hién loc két qua néu dwoc yéu cau.

Tir doan ma trén ta thay trong moi buéc thoi gian ta can hoan thanh nam cong doan
tinh todn bao gom tinh toan thong lwong, xac dinh dao ham, tinh tich phan, loc va cap nhat
dir liéu trong dé hai cong doan cudi cung la tly chon. Phan chia tinh todn thanh nim cong
doan la bat budc do mdi cong doan khong thé bat dau néu cong doan khéc chwa két thic.
Bé&i vay viéc song song héa doan ma nay cling doi hoéi ta phai thuc hién song song nam cong
doan twong tng. Dudi day la doan ma sau khi duwoc song song héa
for(int it=0;it<nt;it++)

{ { i (update) setBoundary((it+1)*dt); computingFluxParallel.run();
derwativeParallel.run();

for(int k=0;k<nThread;k++) integrateProcess[k].setIT(it);

integrate Parallel.run();

if ((filter) €965 (it%filterStep == 0))

{ for(int i=0;i<npass;i++)

{ filter Parallel.run();
updateParallel.run();}}}

Nhu thé ngit nghia ciia doan ma song song hoan toan giong nhu ngir nghia cia doan ma
tuan tir da néu trén. Deé thay moi cong doan déu thuc hién tinh toan tuan tu trén tap hop céc
diém trong mién tinh, thé hién qua vong lap for trong chwong trinh da dwoc chuyén thanh
mot tap cdc tién trinh tinh todn song song. Nhu vay khi song song héa ta sé phan phdi cac
diém nay mot cach can bang cho céc bo xit Iy. Vi du véi mot tién trinh song song tinh toén
dao ham
class DerivativeProcess implements CSProcess
{ private int kstart, kend;

private Barrier barrier;

public DerivativeProcess(int kstart, int kend, Barrier barrier)

{ this.kstart = kstart;

this.kend = kend;

this.barrier = barrier;}

public void run()

{ for(int k=kstart;k<kend+1;k++) point[k].derivative();

barrier.sync();}}

Tién trinh tinh dao ham dwoc the hién dwéi dang mot 16p ndéi Derivative Process bao gom

ba thong s6 co ban la chi s bat dau start, két thic end cia mién tinh todn riéng cho tién
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trinh nay va tién trinh dong bo barrier dé tién trinh c¢é thé thuc hién dong bo véi cac tién
trinh khac.

Co ché dong bd Barrier dwoc thuc hién thong qua phwong thitc sync(). Véi tham s
nThread 13 s6 tién trinh, Barrier sé chi duwoc mé ra khi da cé day di nThread tién trinh cé
161 goi dong bo sync(). Néu chwa di, tién trinh thuc hién &1 goi sync() sé bi treo tai diém
thue hién 161 goi cho t&i khi Barrier dwoc mé ra cho phép tién trinh tiép tuc thue hién.

Céch phan chia mién tinh todn cho moi tién trinh dwoc thuwc hién don gidn bang cich
phan chia déu n di€m cia mién tinh cho s6 tién trinh nThread. Chi s6 dau va cudi cho moi
tién trinh dwoc tinh nhw sau
for(int k=0;k<nThread;k++)

{ startfk] = k*(n/nThread);

endfk] = (k+1)*(n/nThread)-1;}

end[nThread-1] = n-1;

Céch thue hién tinh todn song song trén hé may tinh chia sé nhé véi Java cé di€m manh
la s6 tién trinh khong nhat thiét phai bang s6 bo vi xir 1y ctia hé thong. Nguoi sir dung hoan
toan dwoc doc lap trong lwa chon s6 tién trinh song song. Trén co s& nay Java sé phan bo
céc tién trinh vao s6 cac bo vi xi 1y.

2.6.2. Song song héa trén hé phdn tan nho

Song song hoéa trén hé phan tan nhé thue hién khé hon so véi song song héa trén hé chia
sé nhé. Bdi thue chat bai todn cia ta la bai todn song song ve dir liéu nén thwe hién trén hé
chia sé nhé khé don gidn véi mot khong gian dia chi chung. Khi chuyén sang hé phan tan,
trao doi dit lieu gitra cdc tién trinh tré nén quan trong khi céc tién trinh phai trao doi két
qué tinh toan trén bién cho nhau. Ngoai ra bai toan dong bo giita cdc tién trinh ciing c¢6 mot
tam quan trong nhat dinh.

bé thuc hién phan nay ching téi thwe hién tinh todn song song trong mét mang may
tinh, tan dung cdc may tinh khéc nhau cho cdc tién trinh khac nhau. Tinh todn dwoc thuc
hién trén cdc tién trinh client. Tat ca céc tién trinh tinh todn nay dwoc phoi hop hoat dong
nhd mot tién trinh server. Cé nhirng khé khian nhat dinh trong phan chia mién tinh cho céc
tién trinh khdc nhau. Néu nhw song song héa trén hé chia sé nhé, hinh dang mién tinh cho
moi tién trinh khong déng vai tro gi thi khi chuyén sang song song héa trén hé phan tan nhé
hinh dang mién tinh cin dwoc lam cang don gian cang tot bdi cac tién trinh can trao doi dir
lieu trén cdc ving bién xung quanh mién tinh. Cho nén chiing t6i thuc hién phuwong 4n song
song héa theo hang ciia mién tinh titc 1a chia mién tinh thanh cdc dai song song. Nhu vay
phan bién trao doi gitra cac mien tinh dom gidn chi 14 mot hang cia mieén tinh. T&t nhién
cach thue hién nay chi ¢é dwoc khi ta sit dung ludi tam gidc trén cdc nit lwéi phan bo deu
trén ludi chir nhat:
for(int k=0;k<nThread;k++)

{ start/k] = k*(ny/nThread)*nz;

endfk] = (k+1)*(ny/nThread)*nz-1;}

end[nThread-1] = n-1;

Truée hét tién trinh server chi ddm nhan vai tro nhap dir lieu ban dau ciing nhur dir liéu
bién va phan phdi dir liéu nay t&i céc tién trinh client. Két qua tinh toan cudi cling ciing
dwroc tap trung vé tién trinh client véi muc dich két xuat hay hién thi. Trong qué trinh tinh
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toan tién trinh server sé dong bo hoat dong gitra cac tién trinh client. Qud trinh dong bo nay
bao gom qué trinh dong bo tinh todn céc thong lwong cho xdc dinh dao ham va qué trinh
trao doi ditr liéu cho qua trinh loc. Dwéi day la hoat dong cia tién trinh server:

for(int it=0;it<nt;it++)

{ if (update)

{ setBoundary((it+1)*dt)

mlm = 0;

for(int k=0;k<n;k++)

{ if (point[k] instanceof BoundaryPoint)

{ be.pValue/m] = ((BoundaryPoint)point[k]).p Value;

be.qValue/m] = ((BoundaryPoint)point[k]).qValue;

be.hValue[m] = ((BoundaryPoint)point[k]).h Value;

m++;}}

for(int k=0;k<nThread;k++) toClient[k].write(bc);}

it nProcess = 0;

while(nProcess |= nThread)

{ fromClient.read();

nProcess++;}

for(int k=0;k<nThread;k++) toClient[k].write(”"DERIVATIVE”);

if ((filter) €965 (it%filterStep == 0))

{ for(int i=0;i<npass;i++)

{ nProcess = 0;

while(nProcess |= nThread)

{ fromClient.read();

nProcess++;}

for(int k=0;k<nThread;k++) toClient[k]. write("FILTER”);}}}

Giong nhuw qud trinh thwc hién tinh toan trén mot may, diéu kién bién dwoc cap nhat
truede tien. Sau khi dwoc cap nhat céc gid tri trén bién dwoc chuyén vao bién be va giti qua
céc kénh tin toClient t&i moi tién trinh client. Tiép dé server thuc hién vai tro dieu do gitra
cac tién trinh truée khi thwe hién tinh dao ham. Chi khi tadt cd céc tién trinh da tinh xong
cac thong lrong can cho tinh dao ham, da trao doi két qua tinh véi nhau, server méi cho
phép cdc tién trinh client tiép tuc tinh toan thong qua léenh DERIVATIVE t6i cac tién trinh
client. Qua trinh dong bo véi chwong trinh loc nhiéu cac séng ngan phat sinh cling dwoc thire
hién twong tw. Riéng phan phan phdi dieu kién ban dau cia server t6i cac client cling nhu
qué trinh thu thap cdc két qua tinh todn phéan tan tir client t&i server khong dwoc nhac dén
& day.

Veé co ban tinh toan trén mot tién trinh client cling khong ¢é gl khac so v6i chwong trinh
tinh todn thwc hién trén mot may ma ta da trinh bay trong phan trén. Nhirng khac biét co
ban trong ma ngudén chwong trinh chi yéu nam trong nhirng doan ma can thiét dé trao doi
dir liéu ciing nhw dong bo gitta céc tién trinh

for(int it=0;it<ic.nt;it++)

{ if (ic.update)

{ be = (BoundaryCondition)fromServer.read();
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setBoundary();}

for(int k=ic.start;k<=ic.end;k++) point[k].computeFluz();

exchangeFluz();

toServer.write("READY?”);

fromServer.read();

for(int k=ic.start;k<=ic.end;k++) point[k].derivative();

for(int k=ic.start; k< =ic.end;k++) point[k|.integrate(it);

if ((ic.filter) 66 (it%ic. filterStep == 0))

{ for(int i=0;i<ic.npass;i++)

{ exchangeFilter();

toServer.write("READY?”);

fromServer.read();

for(int k=ic.start;k<=tic.end;k++) pointfk].filter(0.02);

for(int k=ic.start;k<=ic.end;k++) pointfk[.update();} } }
O day ic 1a dieu kién ban dau ma tién trinh client nhan dwoc tir tién trinh server véi céc
chi s6 start va end cho ta chi s6 dau cudi mién tinh cia tién trinh nay. Piéu kién bién nhan
dwoc tir server qua kénh tin fromServer dwoc gan vao céc bién nam trén bién mién tinh. Két
qua tinh todn théng lrong cia tién trinh client sau dé dwoc trao doi véi cac tién trinh client
khdc. Két thic qud trinh tinh todn ndy, moi tién trinh client sé giri thong diep READY t6i
tién trinh server va doi tin hiéu dong bo dé ti€p tuc tinh dao ham va tich phan. Néu thuc
hién loc ta can thém mot qué trinh trao d6i dit lidu loc va dong bo twong tur nhw trén.

3. KIEM THU MO HINH

Chiing t6i chon tat ci céc diém trong mién tinh tir dinh cia mot lwdi hinh chir nhat. Tuy
vay moi xit 1y tinh toan déu dwoc thue hién trong khuén khé cia mot lwdi tam gide phi cau
tric. Hinh 3 thé hién mot s6 chién thuat sinh lwéi tam gidc tir lwdi chit nhat.

Phan kiém thir s& stt dung chién thuat tdm diém ke va trong cdc hinh vé, nghiém gidi
tich néu c¢6 dwoc thé hién bang duwong gach dit, nghiém s6 bang dwong lien. Pwong gach
dit cing dwoc sit dung cho do cao dia hinh trong mot sé trwong hop. Khi dieu nay xay ra,
chiing t6i ¢6 dan giai o rang.

- -
1

P

Hinh 3. Ba chién thuat sinh luéi tam giac tir ludi chir nhat
6 diem ke (trai), 4 va 8 diém ke (gitra) va 8 diem ke (phai)
3.1. Bai toan dong chay dirng duéi t&i han qua dia hinh khong déu

Trong phan nay ching t6i khao sat dong chay mot chieu qua dia hinh bién ddi trén mot kénh
thang cé @6 rong khong doi. Ma sat ddy dwoc bd qua. Véi bai todn dirng, luu lwong khong
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bién d6i doc theo kénh nhw c¢é thé thay tir phwong trinh lién tuc. Phwong trinh bdo toan
dong lwong cho ta dinh 1y Bernoulli

2
%uQ +g(h+z) = ;ﬁ + g(h + z) = const
Nhu thé néu cho truéde lru lwong tai bién thwong lwu va doé sau tai bién ha lwu, ching ta
hoan toan xéac dinh dwoc gid tri const trong cong thirc trén. Két qua thue hién nhan duwoc tix
so do tich phan Adams-Bashforth bac ba:
a- Dong chdy dung téi han qua diém go: dia hinh ddy cé mot diem go (Hinh 4 trai) duwoc
xdc dinh béi phirong trinh 2 = 0.2 — 0.5(x — 10)?
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Hinh 4. Pia hinh ddy (trai) va doé sdu nhan dwoc tir moé phong trong so sdnh véi
nghiém giai tich bai toan dong chay dirng t&i han qua diém go

Trong mo6 phdng nay doé dai kénh dwoc ldy bang 25m, rong 0.5m véi do phan gidi 0.25m.
Laru lrong va do sau cho trurde 1an lwot 14 4.42m3 /s va 2m. Loi gidi nhan dwoc tién téi trang
thai dirng sau 50s v&i bude thoi gian 0.02s va bo loc thue hién 5 Ian tai moi buée thoi gian.
Két qua dwoc cho trén Hinh 4 (phai)

b- Dong chdy dirng 161 han qua dia hinh ddc: bai todn dwoc mo ta bdi [6]. Do cao dia hinh
ddy dugc cho trén Hinh 5 (trai)
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Hinh 5. Pia hinh ddy (trdi) va d6 sdu nhan dwoc tir mo phong trong so sdnh véi
nghiém gidi tich bai todn dong chdy dirng t&i han qua dia hinh déc
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Kénh thure hién mé phong dai 100m, rong 2m véi bude lwdi 1m. Luwu lwong tai bién trai 1a
1m3/s. Do sau tai bién phai 14 0.5m. Véi bude thoi gian 0.1s, nghiém s6 dat t&i trang thai
dirng khoang sau 500s. Bo loc van dwoc thuce hién giong nhw trong bai todn truée dé. Hinh
5 cho ta két qua mo phéng bai todn nay.

c- Dong chdy dirng téi han qua dia hinh gidn doan: trong bai todn nay moi diéu kién bién va
dieu kién ban dau giong nhw trong bai toan trwéc dé. Diem khac biét 1a do déc dia hinh bay
gior gan nhw 90° (Hinh 6).
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Hinh 6. Dia hinh ddy (trdi) va dé sau nhan duoc tir mo6 phdéng trong
so sanh véi nghiém gidi tich bai todn dong chdy dirng t&i han qua dia hinh déc

Moi két qud moé phéng nhan duoc tir ba bai todn trén cho thay su tring hop rat tot gitra
nghiém gidi tich véi nghiém s6. Piéu nay ddm bdo cho ta tin twdng vio cich xit 1y cdc so
hang grdient do sau cling nhw céc s6 hang binh lwu cia mo hinh.

3.2. Bai toan séng thiy triéu

Trong kiém thir nay ching t6i 4p dung mé hinh da thue hién vao moé phéng séng trieu
tai cdc ving cira bién. Van dé dat ra la ta phai du bdo muc nuwéc ciing nhu dong chay tai
céc vung ven bién véi bién do séng triéu cho trude tai cdc bien mé. Trong nhitng viing nay
khong chi quy luat bién doi cia dong chdy theo khong gian va thoi gian ma ca trang thai kho
w6t cling tré nén quan trong. Viung dwoc hra chon tinh todn & day 1a Da Nang.

Do sau trung binh qua do dac sé duwoc noi suy vé mot luéi déu véi buée lwdi 100m cho
ta dieéu kién dia hinh ddy cia ving khdo sdt. Tai cdc bién mé& séng trieu véi bién do 0.3m,
chu ky moét ngay dém va pha ban dau bang khong dwoc cho triede. Tai cdc ving bién vuéng
géc véi duong bo chiing t6i sir dung dieu kién bién phat xa. Céac ving bién con lai déu dwoc
xem la viung bién déng. Dong chdy ban dau dwoc cho bang khong. Ta chi sir dung nghiém
thu dwoc sau khodng thoi gian tich phan mot ngay dém. Nhirng két qud nhan duwoc truée
khoang nay dwoc xem la nghiém tam thoi. Do sau wét cuc dai dwroc 14y bang lem. Két qua
tich phan vé6i hai chu ky triéu cue dai trieu dang va trieu rit cho Pa Nang duwoc cho trén
Hinh 7. Hinh 7. Két qua du bdo muc nurée va dong chay tai vinh Da Nang

khi trieu dang (trai) va khi triéu rit (phai)

Nhin chung vé mat dinh tinh cac két qua thé hién khé tot song can dwoc tham dinh thong



374 NGUYEN BUC LANG, TRAN GIA LICH, LE BUC

i kel ik (i S it "
Lo i . v
L1 | EPEEER R [ 1] T
wal s 11 1
lﬁ 1 T
m|. l“ "
- 1 1z
-l 1 {11 18
-l s e .
-l . "
- . . +
o : Pl i Ly 1

Pininie it e eal

T T LT R LR R R R R

J——
1.

acd

qua cic s6 lieu do dac thue t&. Tinh todn séng thiy triéu tai vinh Pa Nang véi cic thong s6
diéu kién bién va diéu kién ban dau nhw trén trén mdy tinh véi bo vi xit Iy 3GHz thoi gian
tich phan ba ngay 14 5 gior 30 phiit véi bude thoi gian 1 gidy. Peé thit nghiém chwong trinh
tinh toan sau khi da dwoc song song héa chiing t6i da thure hién tinh toan song song trén may
tinh IBM chia sé nhé véi hai bo vi xit 1y toc do 3GHz. Két qua véi cuing thoi gian tich phan
ba ngay va budc thoi gian 1 giay thoi gian tinh todn bay gio rit xudng con 4 gi. Nhu vay
v&i hai bo vi xir 1y thoi gian tinh todn da gidm dwoc mot phan tu so véi khi chi tinh toan
véi mot bo vi xir 1y.

Theo logic théng thwomg véi hai bo vi xit 1y, ta ¢6 thé hy vong thoi gian tinh todn gidm
xuong con mot mra. Tuy nhién thue t€ ta chi gidm dwoc mot phan tw. C6 diéu nay 1a do khi
thue hién tich phan tai méi buwée thoi gian bo loc can dwoc thue hién mot s6 lan nham loai
bd cac séng nhicéu xuat hién khi tich phan. Qué trinh dong b giita cac Ian loc nay sé lam
gidm dang ké hiéu nang tinh toan. Khi giam s6 lan loc di, hiéu nang tinh todn s& dwoc tang
lén nhung két qua sé chita cdc dao dong nhiéu sinh ra, dan dén nhirng sai léch trong két qua.

Nham tang cwong hon nira hiéu nang tinh todn, chiing ta c¢é thé thir nghiém chwong trinh
tinh todn trén cic may tinh chia sé nhé véi nhieu bo vi xit Iy hon. Chéc chan hiéu nang tinh
toan sé tang lén dang ké khi ¢é nhiéu bo vi xit Iy hon. Tuy nhién do cdc may tinh chia sé
nhé cé gid thanh khé cao vi khong pho bién tai Viét Nam nén huéng song song héa trén hé
chia sé nhé khong nhan dwoc nhiéu ho tro nhu huéng song song héa trén hé phan tan nhé.
Tiép can theo huéng thit hai nay, bai toan ky thuat sé trd nén khé don gidn khi ta ¢é thé
tan dung tat ca cdc may tinh trong mot mang may tinh. Hiéu nang tinh toan bay gio sé phu
thudc nhieéu vao téc do truyén thong gitra cdc may tinh.

4. KET LUAN

Céc thir nghiém cho thay mot su twong thich gitra két qua moé phéng so véi két qua nhan
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dwroc tir nghiém giai tich, tir do dac thue dia hay tir cdc mé hinh khéc. Ta c¢é thé khang dinh
hiéu nang cia moé hinh trong moé phdng cac bai toan gidn doan. Khi lwa chon so do ban an
moé hinh nén st dung k¥ thuat sai phan dao ham theo hwéng. Néu so do tich phan 14 so do
Adams-Bashforth bac ba thi ca hai ky thuat sai phan khong gian déu cho két qua nhu nhau.
Gifta hai phwong phép tich phan, so A6 Adams-Bashforth bac ba cho két qua chinh x4c hon.

Hiu nhw séng nhieu déu xuat hién trong két qua véi bat ky phwong phép tich phan nao.
Diéu nay cé nghia rang chiing bat nguon tir ky thuat xap xi dao ham khéng gian ctia ta. Do
dé6 so do loc loai bd céc séng ngan nay la can thiét trong moé phéng. Khi dé cau hdi lidu cac
dai lwrong bdo toan cé duwoc bao toan hay khéng sau khi loc s& dwoc dit ra. Cé thé thay van
dé nay khong qua nghiém trong véi céc thir nghiém da thuc hién. Tuy nhién ta cian nghién
cttu ky thém trong twong lai. Tinh bdo toan cling dwoc dat ra khi ta sit dung huéng tiép can
do sdu wét cue tidu trong xir 1y kho wét. Véi do sau nay duwoc ldy bang 10~ %m ¢6 thé xem
tdc dong cla né tdi tinh bao toan 1a nhéd.

Thit nghiém song song héa chwong trinh 4p dung vao mot bai toan cu thé xac dinh séng
trieu tai vinh Pa Nang cho thay hiéu ning tinh toin da dwoc tang lén. Tuy nhién khi chuyén
tlr tinh todn tuan tuw sang tinh toan song song (dp dung cho hai may), thoi gian tinh toan chi
rit ngan di mot phan tw. Véisé bo vi xit Iy tang lén, hiéu nang tinh todn s& cao hon. Huéng
song song héa trén hé phan tan nhé c¢6 wu diém lén vé mat ky thuat va can dwoc tién hanh
thir nghiém trong twong lai.
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