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CHUYEN BOI MOI TRUONG TiNH TOAN SONG SONG
CHO MO HINH DU BAO THOI TIET HRM

NCUYEN DUC LANG
Khoa Khoa hoc tu nhién - Dai hoc Thdi Nguyén

Abstract. In the National center for hydro-meteorological Forecasting of Vietnam, a weather fore-
cast model named HRM (High Resolution Model) from Germany has been applied in operaticnal
forecasting. Having used the paralleled HRM code for shared memory systems with the supercom-
puter IBM-RISS6000, the running time was more than the requested time for an operational model.
While a new shared memory supercomputer is not available because of its high cost, a distributed
memory cluster seems more appropriate. The new paralleled HRM code for distributed memory
systems has been developed. Domain decomposition has been done in two-dimensional spaces rather
in one-dimensional spaces in the old code. With the new code, HRM can now aids the forecasters in
their daily operational forecasting.

Tém tAt. Mo hinh du bdo thei tiét HRM cia Dire da duge dra vao ing dung nghiép vu tai Trung
tam Du bdo khi twong thiy van trung wong. Tuy nhién khi st dung phién bdn HRM song song hda
cho hé chia s& nh& chay trén siéu mdy tinh IBM-RISS6000, thoi gian chay moé hinh i¢n hon so véi
theri gian cho phép cia mot mo hinh du bdo nghiép vu. Pau tur mua mot siéu mdy tinh bé nhd chia
sé mai la khong kha thi do gid thinh qud cao. Hudng diu tu cho mot hé thdng béd song song phin
tdn nhé toé ra thich hgp hon. Mot phién ban HRM mdi, song song héa cho hé phan tdn nhd da duge
phédt trién nham phuc vu cho huéng diu tuw méi nay. Cdch phan chia mién tinh todn cho cic bo xi¥
1¥ ciing duge thire hién méi trén khong gian hai chigu thay vi khéng gian mét chiéu nhu trong phién
ban HRM cii. Vi phién ban méi ndy, du bdo vién di ¢ thé sit dung sdn phim dy bio tir HRM
cho céng viéc du bao nghiép vu hang ngay. ' '

1. GIOT THIEU

Tai Viét Nam, itng dung cdc mé hinh s6 tri vao dir bdo thoi tiét da dugc bat diu tir nidm
2000. Cho dén nay théng qua hop tic qudc té, chuyén giao céng nghé, da cé nhiéu mé hinh
khac nhau duge sit dung trong nghién citu ciing nhu di bdo nghiép vu tal cdc vién, truong
dai hoc va trung tam nghién ciu. Néu chi sir dung mé hinh dé nghién ciru thi thei gian dy
bdo khéng ¢6 vai tro ddng ké nhung khi dira vio dur bao nghiép vu, yéu té thod gian lai trd
thanh mét nhan t& quyét dinh liéu ta cé thé sir dung duoce két qua dir bao tir mé hinh dé
hay khéng. Chi véi thed gian dir bdo ngdn, mé hinh mdi ¢é thé hd tro tét cho du bdo vién
trong tham khio dwa ra két qua dur bdo.

Mét mé hinh du béo ther tiét mudn dir bdo véi chit hrong t6t ddi hdi hai yéu cau. Thit
nhét, cdc qua trinh vat Iy khi quyén ciing nhu trong téc cia chiing véi nhau phai duge mé
ta tot trong mé hinh., Thit hai, mién tinh cia mé hinh phai di lén vdi d6 phan gidi cao. Hai
nhén t6 nay khién cho khai lwgng tinh todn trong mé hinh trd nén rit 1én. Trong khi yéu to
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thit nhat xdc dinh s6 lrong phép tinh tai méi difm ludi thi yéu té thir hai cho ta téng s6 cac
phép tinh tai méi bude thdi gian. Véi mot khéi hrong tinh todn Ién nhu vay, cdc mo hinh
dir bao thoi tiét luén chiém dung nhiéu tii nguyén may tinh véi thod gian tinh todn 16n.

Hién nay trén thé gi¢i mét mé hinh dy bdo thoi tiét ludn cé it nhat 13 hai phién ban, mot
phién ban tinh todn tuan ty vd mot phién ban tinh toin song song trén hé phin tén nhé.
Mét s6 mé hinh ¢6 thém phién ban song song trén hé chia sé nhé. Nhimg phién ban tinh
toan song song nay ra doi tir qué trinh nghién edu tinh todn hiéu ning cao cho cic bai toan
déng lwe hoc chit long tinh todn (Computation Fluid Dynamics) ma bai toan du béo thoi
tiét 14 mét phan trong dé (xem [2,4]). Nhirng mé hinh di béo c6 phién ban tinh toan song
song dugc str dung tai Viét Nam gom c6 HRM, RAMS, MMS5, Eta.

M6 hinh khi twong dy bdo thoi tiét HRM cia Cong hoa Lién bang Pic 13 két qua hop
tac nghién citu cta céc nha khi tugng Dirc do tién si Detlev Majevski chii tri. Md hinh duoc
cung cip mién phi cho cdc trung tdm khi twgng tai cdc nuéde dang phét trién cho cd muc
dich nghién ctu ciing nhr nghiép vu. Hién tai trén thé gidi ¢6 khodng hai muoi nuéde dang
st dung mé hinh nay trong nghiép vu. Tai Viét Nam, HRM dugc dira vao chay nghiép vu
tai Trung tdm dy bdo khi twgng thiy vin trung wong tir naim 2002.

Hién tai mé hinh HRM ¢é mét phién ban tinh todn tuan tiw vi mot phién bdn tinh todn
song song viét cho h¢ mdy tinh chia sé nhé. Véi médy tinh song song chia sé bo nhd IBM
RISS6000 tai Trung tdm, thoi gian chay moé hinh khéng dédp ting duge thoi gian nghiép vu.
Trong khi dau tir mua mét siéu mdy tinh bd nhé chia sé ¢6 hidu ning tinh toan cao hon té
ra khong khd thi, huéng gidi quyét chuyén méi trudng tinh todn tir méy tinh bo nhé chia sé
sang may tinh b song song bd nhé phan tén lai té 16 lgi thé vé mit gid thanh. Céng viée
méi phéi thuce hién 13 tai cin tric tinh todn song song va ciu tric dit liéu cda mé hinh HRM.

2. MO HINH DU BAO THOT TIET HRM

2.1. Hé phuong trinh co sd&

Céc bién dir bdo co ban cda HRM gbm van té¢ gié vi hudng u, van tde gié kinh hudéng
v, 4p suat bé mit p,, nhiét 4o T, d6 4m riéng g,. Néu mé phéng may ta phai dir bdo thém
lwgng nude va bing trong may g, va ¢;. Trong md phdéng, HRM sit dung hé phuong trinh
Navie-Stockes trén hé toa dd kinh vi dia ly theo phwong ngang va toa do lai theo phuong

ditng (A, ¢, 7). Toa a0 lai n duge dinh nghia théng qua dp suit p nhu sau

n=£, 0<p<p,

Po
p=2"F BB TP o cp<y,
Ps—DPt PoPs— Pt
trong dé po 1 4p sudt chudn tai muc mit bién 1000 hPa, p, 1a 4p suit bé mit, p; 13 4p suét
chuan tai dinh ting d&i heu 220 hPa.
Dudi day 1a phwong trinh du béo cho cdc bién khi tugng co ban trong HRM theo [3].

(2.1)

Phuong trinh du bdo 4p suit bé mit p,

1
R T

v&i A 1a kinh do, ¢ 14 vi dd va a la ban kinh trdi dat. Pheong trinh dy bédo hai thanh phan

-~ el e
van toc gio u, v
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trong d6 ¢ 1a do xody, f 1 tham s6 Coriolis, ® vh K 1a thé ning va d6ng nang tinh trén mét
don vi khéi luong khi, T, 1a nhiét dé 4o, R la hing s6 khi, n* 1a téc do thing ding trong hé
toa do lai va K4 13 hé sé rdi ngang bac bon.
Phuong trinh du bdo nhiét 46 1
oT 1 oT oT OT RI,w Le, ,0T
T acosgo( a)\Jrvcosn,o(9 ) -n" 377+ c, p-i— G, +(6t)5"b

— KA\ VHT —Trep) (2.5)

v w la van toc théng ditng trong hé toa d6 khi 4p, ¢, 14 lugng hoi nuée ngurng tu trong
khi quy€n, Cp 14 nhiét dung rieng ddng 4p, L 14 nhiét héa hoi cia nude, Trer b nhiét dé quy
chi€u cda khi quyén.

Do hoi nude trong khi quyén déng mot vai trd quan trong trong didu chinh can bing ning
lrong nén HRM sir dung thém phurong trinh di bao lrong hoi nuwée ¢, trong khi quyén

9, 1 g . .
ot aCOSgO( Ix ) ™ v+(3t)sub K4Vigy. (2.6)

Hai phirong trinh dy bdo cho lwgng nuwdce may g. va legng bang trong may g; ¢6 dang
trong tir (cing 1 phuong trinh bdo toan).

Céc phuong trinh (2.3)-(2.6) chita cdc s6 hang véi chi s0 dudi sub. Pay la cdc s hang
mé t& nhitng qué trinh quy mé dwdi quy mé vira tir cdc van chuyén do 18i cho dén cic qud
trinh quy mé phan tir. Pé dinh lrong tac déng cla nhitng qué trinh ndy 1én dién bién dong
lire quy mé vira cia hé théng khi quyén ngudi ta phdi thue hién tham 58 héa vat Iy, Tham
s& hoéa vat Iy 13 mdt phuong phép cho phép danh gid tdc dong cla nhitng qué trinh quy moé
nho téi nhitng qué trinh quy md lém hon dudi dang moét ham s8 mi cic bién quy mo lén hon
trong phuong trinh déng hre duge sir dung dudi dang tham s8. Mét mé hinh quy mé vira
nhwr HRM cén tham s6 héa nhitng qud trinh vat 1y sau: birc xa mit trdd, may, qud trinh sinh
miua, qud trinh réi tai 1&p bién va cde qud trinh thdy van trén bé mit cing nhr trong dat.

2.2. Thuc hién mé phéng trén may tinh

Hé phurrong trinh Navie-Stockes HRM st dung sé dwge gidi gan ding bang cich xip xi
céc dao ham riéng dudi dang rix rac, viét lai hé phurrong trinh vi phin dao ham riéng dudi
dang sai phéan titc 14 mot hé phwong trinh dai s6 tuyén tinh, sau dé sit dung mdy tinh tim
nghiém dwdi dang s6. Nhuw thé mién tinh lién tuc sé duge chuyén thanh mét luéi roi rac vai
d6 phén gidi di 1én ddm bdo khéng bd qua hién tugng quan tdm. Tai mdi nut ludi, ta dit
tat ca cac bién dir bdo cn tim u, v, T, g, ps. Nhu vay trong khong gian ba chiéu cdc mit hréi
sé dwoc truy cap dén thong qua cic chi s6 1, 7, k.

Xdp xi ciia dao ham riéng theo kinh dd dai lwvgng f bat ki duwge HRM thuc hién qua so
d6 sai phan trung tam nhw sau: P f) N fin = fir

7)) 28N (27)
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trong d6 chi & i cho ta vi tri cia mit luéi ta mudn xip xi (& day d& don gidn da bd qua hai
chisé j va k), i+ 1 vdi—1la hai diém ké clda di€m i. Céc sai phan theo vi dé hay theo toa
do lai 5 cing duge thye hién tuong tar.

Xap xi cia dao ham riéng theo thoi gian cling dugc thirc hién theo mét céch twong tur
nhung do ¢6 mét s6 khéc biét gin lién véi du bao dua trén céc gié tri hién tai va qud khir
nén dang xap xi ndy cin duoc xem xét riéng. Xét phwong trinh vi phan thudmg:

of _F

8t
Phuong trinh nay 1a phuong trinh dai dién cho cdc phuwong trinh (2.2) - (2.6). HRM str dung
phuwong phap Leapfrog nhir sau:

(2.8)

fn.+l _ fn—l
L =) _pn
. 2A¢
v6i chi 6 trén n xdc dinh bude théi gian (khéng phai chi s mii) va At la thei gian cia mét
budc tich phan. Tir (2.9) ta c6:

(2.9)

frrt = ol 2A8Fm. (2.10)

Khi xdc dinh gid tri F™* néu c6 sy xuat hién cia cic dao ham riéng theo khong gian ta sé
xap xi ching theo {2.7).

Tuy nhién, vin dé phirc tap hom khi sir xudt hién cla séng trong trirdmg trong khi quyén
da gidi han buéc thei gian tich phan lai rat nhé. Nhu vay phuong phép Leapfrog khong kinh
té tinh todn, mat nhiéu thi gian tich phéan, khong ddm béo vé theri gian nghiép vu. Dé ting
bude thoi gian dyr bdo ngudi ta phai ding céch sai phan bdn an tirc 14 chi ¢6 mot phan cla
F duogc sai phan an. Phéan nay chinh 13 cdc liye vat 1y sinh song trong truomg. Néu tich F
thanh hai thanh phan, Fy chi thanh phin thong thlrong va F) chi thanh phan sinh s6ng trong
trieomg, so dé sai phan bén an s& nhu sau

re-rn =F5‘+1(F{°+1 S I (2.11)
2At 2
Viét lai phuong trinh nay ta dwoc
Frl = U280 F 4 At(FPT 4 2R + PN = fIE 4 ALAR (2.12)
voi fatl = ool 4 2ALF™ va ARy = FHY — 2F7 + Fpl

Nhu vay tich phan cdc phuong trinh co ban sé gom hai buéc: tich phan hién va hiéu
chinh bén an sau dé. Trong burée hidu chinh ban &n biing nhing bién d6i todn hoc ta s& dua
bai todn vé mdt hé phuong trinh Helmholtz hai chiéu. Cudi ciing, bing mdt phép chiéu lén
cdc véc to riéng ta sé dwa hé nay trd thanh ciac phuong trinh Helmholtz hai chiéu doc lap.
Céc phuong trinh ndy dwge HRM gidi theo phuong phép lip Gauss-Seidel trudc dé da dai
bién theo phép bién ddi Fourier nhanh (xem {1, 5]). Mb t4 todn hoc clia cde phirong trinh nay
kha phirc tap nén ta sé khong trinh bay & day.

3. CHUYEN POI MOI TRUONG TINH TOAN SONG SONG
CHO MO HINH HRM
3.1. Tinh toén song song trong md hinh HRM

M6 hinh.hda chat liru (trong dé cé chit khi) sir dung céc ky thuat cia dong Iyc hoc chét
long tinh todn (CFD)} da dit ra cdc yéu cau song song héa tir nhirng han ché vé thoi gian
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tinh todn. Viéc sai phan hién céc dao ham riéng khéng gian va thii gian trén cdc diém luéi
chi str dung cac gia tri lan cén cho phép chia mé hinh thanh céc phan nhé twong doi doc lap
v&i nhau. Viéc tinh todn trén cdc ving dia phwrong chi sit dung di liéu dia phwong va phan
dir liéu bién cia cac viing dia phwong khic.

M6 hinh HRM phién ban 1.5 thue hién song song héa theo OpenMP. Uu diém 15 rang
nhat ciia OpenMP chinh 14 tinh don gidn khi viét chuong trinh bdi OpenMP hoéan toan gilr
nguyén cau tric lap trinh tuin ti, song song héa chi dwgce thé hién qua cée ciu tric dan
hiréng bién dich vong lap. Cau tmic chwong trinh chinh trong HRM dugce thye hién song
song véi OpenMP dwoc thé hién trén Hinh 3.1.

Prog_s_01

'

Prog s_02

!

Physics

'

Prog_s_03

!

Prog_s_04 ' Prog_s_05

—

Prog_s_06

Prog_s_07

Prog s 08

Rubc

Dia_phys > Meteograph

—

Diagnos > Caladdfld

v

_org

Hinh 3.1. So do khéi chuong trinh tich phan theo thai gian cida mé hinh HRM

Chirec ning ciia moéi chirong trinh con dwrge mé t4 ngin gon nhu sau:

Prog_s 01: xac dinh trudng thé ning ® bing cach tich phan phwong trinh thiy tinh. Song
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song héa dwgce thyce hién theo hirdng Bic Nam tire 14 viing tinh duwge chia thinh cdc dai vi
dé song song vai nhau.
Prog.s 02: xédc dinh két qud dy bdo ban dau cda cédc bién du béo p,, u, v, T, 4, ge, ¢i tir file
s6 liéu bién bang phép nodi suy tuyén tinh giita hai thoi diém cd dinh. Song song héa duge
thure hién theo hwdng Béc Nam.
Physics : tham s6 héa cdc qud trinh vit Iy cda mdé hinh. Céc qud trinh tham sd héa [an
lugt theo trinh tw bao gdm: tham s6 héa qud trinh gidng thiy quy mé ludi, tinh do phi may
cung lwgng nudc va bang trong may, tham s6 hda birc xa, tham sé hda qué trinh 18i thing
ding trong khi quyén, tham s8 héa qué trinh réi thing ding tai bé mit, tham sd hoa ddi
liru, tham sé héa qua trinh dat. Song song héa ciing duge thyce hién theo hwdng Bic Nam
nhung khéng phai trén nhirng dai 16n ma moi dai chi twong ing véi mét hang (mot vi do).
Prog_s_03: du bao hién theo phwong phép Leapfrog cdc bién ps, u, v, T, qu, ¢e, ¢;. Song song
hoa duge thie hién theo huéng Bic Nam.
Prog.s 04: xé4c dinh vé phai cla phuong trinh Helmholtz ba chidu réi nhan ma tran nay
{dang véc to cho m6i diém kinh vi) véi ma tran véc to riéng (ma tran hai chiéu) clia ma trin
cau tric ta sé thu dugce véc to ma méi s6 hang sé 14 vé phai cia mét phuong trinh Helmholtz
hat chiéu. Song song héa dugc thyc hién theo hirdéng Bic Nam.
Prog_s 05: gidi n phwong trinh Helmholtz hai chiéu tirong \tng véi n muc mé hinh chiu tic
dong nhiéu tir séng trong trirdng manh nhit. Song song héa dirgce thirc hién bing cach gidi
song song n phrong trinh Helmholtz hai chiéu.
Prog_s_06: cong cdc gia tri hiéu chinh tinh dugc & trén vao cdc gid tri du bao hién da tinh
duge tir phan dy bédo hién trude dé nhu trong cong thike (2.12). Phin nay két thic qua trinh
hiéu chinh ban an. Song song héa duoc thuc hién theo huéng Bic Nam.
Prog_s 07: thyc hién bién gidm dur, loc Asselin cho cdc bién du bdo nhim gidm trir nghiém
tinh toan trong so d6 Leapfrog. Song song héa durge thuc hién theo hudng Bic Nam.
Prog.s.08: tinh truedong thé ning tai mic thoi gian méi, xdc dinh cée tredmg cdnh béo bé
mét. Song song héa dwoc thue hién theo hudéng Bic Nam.
Rube: tinh vén téc thdng ding tai dinh mé hinh néu mo6 hinh st dung diéu kién bién trén
phéat xa. Tinh todn tuan tir.
Dia_phys: tinh gid tri trung binh cia céc bién dy bao cling mdt s8 dai leong dan xuit sau
moét khodng théd gian nhat dinh. Tinh toan tuin tur.
Meteograph: két xufit dién bién thoi tiét tai mot dia di€m. Tinh todn tuén tur.
Diagnos: tinh gid tri cdc bién cho phép theo déi qué trinh chay cida mé hinh. Tinh todn tuin
t.
Caladdf!d: tinh mét s6 trudmg phu véi muc dich két xuat gom d6 cao dinh déi heu khé, do
sau may, do phi may, d9 cao murc 0°C. Song song hoéa durge thue hién theo hudng Bic Nam.
Pp_org: noi suy gid tri cdc bién tir muc mo hinh vé mire 4p suat, ghi s6 liéu ra file duéi dang
GRIB1 {dinh dang s6 1iéu khi twgng theo T6 chirc Khi twong thé gidi). Tinh todn tuin tu.
Nhir vay khong ké cdc phan doan tinh todn tuong tdc véi thiét bi ngoai vi ¢é 10 phan
doan tinh toin dugce song song hoa trong d6 8 phan doan song song theo huéng Bic Nam, 1
phan doan duwgc song song héa theo sé s6ng trong trudmg can sai phan ban an va 1 phan doan
song song héa theo tirng hang. Tat cd cic doan ma nady déu dugc viét theo cdc dan hudng
bién dich cua OpenMP cho Fortran. Dudi day la doan ma song song hda khi chay phan doan
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tinh todn sai phan hién

1ISOMP PARALLEL DO

I8OMP& PRIVATE(jt, mi2sc, mi2ec)

I$OMP& SHARED(nproc, mj2.start, mj2_end, milsc, milec)

do jt = 1, nproc

mi2sc = mj2._start(jt)
mi2ec = mj2_end(jt)
call prog_s 03(milsc, milec, mi2sc, mi2ec)

enddo

1ISOMP END PARALLEL DO

Poan ma ndy dic trung cho cdc phan doan tinh toian dugce song song héa theo hudng Bic
Nam. Dién gidi doan ma nay tir ngén ngir song song cia OpenMP ta c6 thé thay nhir sau:
trurde hét dan huémg bién dich PARALLEL DO va END PARALLEL DO dugc OpenMP sir
dung d& mé dau va két thic vong lip song song. Hai déc t& PRIVATE va SHARED trong
vong lip PARALLEL DO cho ta biét cdc bién la dia phuong véi méi tién trinh hay dwoc
dting chung bdi céc tién trinh. Cu thé & day ba bién j¢ (chi s6 tién trinh), mi2se (chi s6 hang
mé& dau), mi2ec (chi 56 hang két thic) la riéng cho moi tién trinh. Pidu niy khd dé hiéu bdi
hai chi 86 mi2sc vi mi2ec ¥ng voi mdi tién trinh sé xdc dinh doan dit liéu trén dé6 tién trinh
nay phai xtr Iy. Cac bién khong duge céc tién trinh phan biét gdm ¢é: nproc (sé tién trinh),
mj2_start (mang chi sd hang md dau), mj2_end (mang chi s hang két thic), milsc {chi s6
cot md dau) vh milec (chi s8 cot két thic). Do chi song song héa theo huéng Bac Nam nén
chi s6 ¢4t md dau va két thic 13 nhir nhau cho moi tién trinh.

Doan ma nam giira dan hirémg bién djch PARALLEL DO va END PARALLEL DO
chi don gidn 14 doan ma Fortran thyc hién moét vong lip trén céc ti€n trinh. Moi vong
lip goi t&i charong trinh tich phén hién trén viing dir lidu duoc xac dinh bdi cac chi 6
milsc, milec, mi2sc, mi2ec. Nhr OpenMP ma thay vi thuee hién tuan tu cdc vong lip seé
duge thire hién song song nghia 1a cdc tién trinh tich phén hién song song. Nhur da néi & trén
qué trinh song song dugce thyc hién theo huéng Bac Nam. Biy givr ta chuyén sang doan ma
song song héa khi chay phan doan tham s8 héa vat Iy:

'$OMP PARALLEL DO

ISOMP& PRIVATE(jt, mi2sc, mi2ec)

I$OMP& SHARED(milsc, milec, ig2s, ig2e)

do jt =ig2s+1,ig2e—1

mi2sc = jt
mi2ec = jt
call phyics(milsc, milec, mi2sc, mi2ec)

enddo

1ISOMP END PARALLEL DO

Khéc v&i phan doan tich phén hién duoc song song héa theo timg déi theo huémg Bic
Nam, phan doan tham s6 héa vit Iy dugc song song héa theo tirng hang. Piéu nay dwoc thé
hién khi vong lap do jt = ig2s+1,4ig2e-1 cho ta biét chirong trinh sé thye hién tinh toan lip
theo tirng hang trén toan mién tinh. K&t qud 14 hai chi s6 hang: mé dau mi2se va két thic
mi2ec cho méi tién trinh s tring nhau, cling 1 chi 86 ciia mét hang j¢. Chinh hwéng song
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song héa theo tirng hang nhu vay s& lam gidm hiéu ning tinh toan cla mé hinh rit nhiéu.
Cuéi cling la phén doan ma song song héa giai h¢ phuong trinh Helmholtz hai chigu déc
lap:
'$OMP PARALLEL DO
'$OMP& PRIVATE(j3)
'SOMP& SHARED(nsi)

do j3=1,nsi
call prog_s_05(j3)
enddo

'$OMP END PARALLEL DO
O day nsi la s6 phwong trinh Helmholtz hai chieu cin dwge gidi (ta khong cAn phai gidi toan
b cac phuong trinh Helmholtz do chi nhirng phwong trinh tirong tmg véi cée song trong
truomg ¢6 van tdc 1én méi cin duge gidi an). Nhu vong lip do J3 = 1,nsi cho thay qud trinh
song song duge thue hién dong thir trén nsi phuong trinh.

Véi cau tric chuong trinh va mé hinh tinh todn song song nhu hién tai, khi dw bdo 6
gitr trén mdy bd nhé chia sé IBM RISS6000 do Trung tim Dy béo khi tuong thiy vin trung
wong dau tu thoi gian thue chay chwong trinh 1a 80 phiit. Thoi gian chay churong trinh nhw
vay khong ddp wng dwoc cée yéu cau nghiép vy bdi véi du bdo trude 2 ngay (48 gitr) theri
gian cin d€ chay chuong trinh s& khodng 10 git. Pé rit ngan thii gian tinh todn ta 6 thé
don gian dau tu mua thém cic siéu mdy tinh song song theo mé hinh chia ¢ b nhé. Tuy
nhién nhirg méy tinh nhur vay c6 gid thanh rat cao. Vira muén gidm gid thanh lai van dam
hao hiéu néng tinh todn cia mé hinh ta ¢6 thé huréng dén cdc may tinh bo nhé phan tén ma
dién hinh la he théng mdy tinh bé song song. Tuy nhién xdy dung chuong trinh HRM trén
hé théng mdy tinh nay doi hoi chuyén déi ma ngudn tinh todn song song cia chwong trinh
HRM tir mé hinh chia sé bd nhé sang mé hinh bo nhé phan tdn. Viée tdi cau tnic chuong
trinh v cdu tric dir liéu cin phai duoc thye hién.

3.2. Chuyén d8i tinh todn song song trong md hinh HRM

Trén méi trudmg tinh todn song song chia sé nha, toan b dir licu drge dit vao mot vung
nhé tip trung va duy nhat, mdi tién trinh déu cé thé truy cdp truc ti€p dén viing dir lidu
cua tién trinh khdc va diéu lru ¥ nhét cta ngutri thiét ké song song la ddm bdo khong cé
xung d6t khi truy cap nhé va dinh hudng bién dich cho cdc vong lip. P& lam duoc digu nay
nguoi ta chia bai toan thanh nhiéu phan doan sao cho tai méi phan doan céc phan nhé ¢6 sy
truy cdp cia nhiéu tién trinh 13 chi doc. Cho dén phién ban HRM_1.5 thi viéc thiét ké va lap
trinh song song cho méi trirdmg chia sé nhé da dwoc hoan thién va dwa vo ding thir & mot
* vai nude. Viét Nam ciing duoc cung cip cling véi mét may tinh IBM RISS6000.

Phan tich mét budc tich phan cia md hinh HRM cho thay moi phan doan tinh todn can
khoadng 15 gidy, ngoal trir physics do song song héa theo hang nén cin nhidu thi gian hon,
khoang 50 gidzy. Moéi buée nhir vay sé mat 190 gidy. Thoi gian givi nhan t6i 1ru cho dir liéu
gira hai node tinh todn theo thir nghiém cin khodng 1 gidy trung binh. Do d6 néu chia
chirong trinh ra khodng 6 node tinh toan song song cdc phan doan va 2 [an gii truyén giita
céc node thi thoi gian tinh cho mét bude lap thot gian di bao sé khodng 34 gilay. Téng thi
gian cho 48 gitr du bdo sé 1a 1 gio. Va chuong trinh hoan toan ddp wng tinh néng thoi gian
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thire v&i dau tu phan cing khéng qué cao.

Trong tinh todn song song hién tai & md hinh HRM, song song héa chl dugce thye hién
mot chidu theo hwémg Bic Nam. D€ song song héa theo hudng dir liéu duge thuce hién véi
nhigu phin ti dir liéu hon ta ¢6 thé song song héa theo cd hai hwéng Bic Nam va Pong Tay.
Chién lirge ndy duoc thé hién trén Hinh 3.2.

(1,ny) (nx,ny)
Tién trinh nfxn2
Tién trinh x
Tién trinh 1 Tién trinh n/
(1,1) (nx,1)

Hinh 3.2. Phian tit dir liéu trong tinh todn song song cia HRM véi §x3 CPU

Trong méi trudng song song chia sé nhé, mbi tién trinh ¢6 viing nhé riéng va khéng thé
truy cAp dén phan dir lidu cia cdc tién trinh khic dwge. Viée trao déi dir liéu phdi théng
qua cdc ham truyén nhan dir liéu cia cdc thu vién bién dich song song. Cong viéc cho ngurdi
thiét ké song song phitc tap hon 1a phan chia lam sao dé c6 sir déc 1ap tuong ddi vé dit lidu
gitta cac tién trinh tic 1a moi tién trinh truy cap dén viing dir liéu cla tién trinh khic cang
it cang tot va lap trinh dé ddng bd dir lidu cho cée tién trinh.

i=kilsc i=kilse
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| =t e \ 1! isie ||
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Vang tinh todn 041 Process 0

Hinh 3.3. So d6 phén chia dir liéu va viing tinh todn cho cdc tién trinh song song
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Mién tinh todn cia mé hinh sé& dirgc phan bd cho mdi CPU sao cho ¢in bing nhit c6 thé.
Moi tién trinh sé& dir bao cho mién dir liéu cia riéng minh. Duy nhat tién trinh 0 quan ly tat
ca cac chi s6 hang va ¢dt cla mién tinh. Céac tién trinh khac chi ¢6 chi s§ hang va cot cho
riéng viing dir lidu cla tién trinh nay. Céc tién trinh sé trao d8i v&i nhau théng qua hai hang
vh cOt ngoal cung tal bién mién tinh clia mieén dir liéu cia né.

Riéng v&i hé phwong trinh Helmholtz hai chiéu qua trinh song song van dwoc thirc hién
gidi song song cic phurong trinh Helmholtz hai chiéu doc lap.

So do phan chia dir lidu va viing tinh toan diroc cho trén Hinh 3.3 trong dé nprocl 13 s8
tién trinh (Process) trén mot hang, nproc2 la s6 tién trinh trén mot cot, kilsc, kilec 1a chi
0 cot bat dau va két viing tinh todn cla mét tién trinh, ki2sc, kiZec la chi s6 hang bat dau
vi két ving tinh todn cda mét tién trinh. Ving tinh todn cia moi tién trinh dwoc cip phat
rong hon ving dir liéu mét doan bing phan lan bién. Tai m6i phan doan song song, moi tién
trinh thue hién viéc tinh todn trén mién con ciia minh va sau dé giti cac gid tri tinh todn duoc
cho cée tién trinh 1an can va nhan lai dir liéu tir cdc tién trinh d4. Dir liéu ma cédc tién trinh
phéi dong bd v&i nhau 13 dit liéu tai bién cia cdc mién con. Céc ti€n trinh ¢6 vai trd nhu
nhau trir tién trinh 0. Tién trinh 0 ngoai ddm nhén tinh todn trén mét mién con dong thoi
con dam nhan thém viéc giit nhip va vio ra dit liéu cho toan bd moé hinh. Moi tién trinh cé
nhiéu nhit 1 8 1an can 1a Péng, Tay, Nam, Bic, Pong-Bic, Pong-Nam, Tay-Bic, Tay-Nam,
nhirng tién trinh & gan bién thi khéng ¢6 du & lan can.

Viéc dong bd dir lieu trong chuwong trinh duee thyuc hién nhu sau:

Tién trinh 0 doc diéu kién ban dau va girt cho tat cd cdc process khéc.

M&i tién trinh tinh toin trén mién con clia né va dong bd bién véi cac 1an cén cia né.

Tai cdc thoi difm cAp nhat gid tri bién tir mo hinh toan cau, tién trinh 0 doc gis tri bién
va giri cho cdc tién trinh khac.

Tai céc thoi diém du bdo cac tién trinh khac gii dit liéu trong mién con cia minh cho
tién trinh 0, ti€n trinh 0 téng hop dir liéu thanh di liér cla toan bd md hinh vi ghi ra file.

Bé thuc hién chién lroc song song héa nay, mot sé phuwong thire truyén théng can durgc
thire hién nhim dam béo trac déi dir liéu gifra cac tién trinh. Duéi day la cdc phuong thirc
da dwoc thuc hién
1. Recv_full: gii cac trudng du bdo tir tién trinh 0 t&i tit ca cdc tién trinh tai buée thod

gian diu tién.

2. Recv lb: giti cdc trudng bién tir tién trinh 0 tdi tat cd cdc tién trinh tai buéce thoi gian
dau tién.

3. Send_recv_physics: trao doi dir liéu cde trudmng lién quan dén phin tham sé héa vt 1y
gitra, cdc tién trinh.

4. Send_recv_prog03: trao ddi cdc trirong canh bao tinh duoc tir phin dir bdo hién cin cho
so d hiéu chinh ban &n gitra céc tién trinh.

5. Send_recv_prog04: trao ddi cic trudng tinh duoe tir chuong trinh prog_s_04 can cho budc
tiép theo trong so d6 hiéu chinh ban &n giira cdc tién trinh.

6. Send_recv_prog05: trao d6i céc trudong tinh duwoc tir chwong trinh prog_s 05 can cho
birée tiép theo trong so do hiéu chinh bén &n giira cdc tién trinh.

7. Send recv_prog_08: trao ddi cc truomg du bdo tinh duge tir chuong trinh prog_s_07 gitra
cAc tién trinh.



