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CHUYEN DOI MOI TRUONG TiNH TOAN SONG SONG
CHO MO HINH DU BAO THO'I TIET HRM

NCGUYEN DUC LANG

Khoa Khoa hoc tu nhién - Pai hoc Thar 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 operational
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 béo thoi tiét HRM cda Dic da duwogce dua vao tng dung nghiép vu tai Trung
tam Du bdo khi twong thiy van trung wong. Tuy nhién khi st dung phién ban HRM song song héa,
cho hé chia sé nhé chay trén siéu méay tinh IBM-RISS6000, thoi gian chay mo hinh 16n hon so véi
thoi gian cho phép ciia mot mo hinh dur bdo nghiép vu. Pau tu mua mot sieu mdy tinh bo nhé chia
sé méi 1a khong kha thi do gid thanh qua cao. Huéng dau tu cho mot hé thong bé song song phan
t4n nhé t6 ra thich hop hon. Mot phién bdn HRM méi, song song héa cho hé phan tdn nhé da duoc
phét trién nham phuc vu cho huréng dau tuir méi nay. Céch phan chia mién tinh todn cho cdc bo xir
1y cling duwoc thuc hién méi trén khong gian hai chiéu thay vi khong gian mot chiéu nhu trong phién
bén HRM cii. Véi phién ban méi ndy, dur bdo vién da c6 thé sir dung sdn pham du bdo tir HRM

cho cong viéc du bdo nghiép vu hang ngay.

1. GIOT THIEU

Tai Viét Nam, trng dung cédc mo hinh s6 tri vao du bdo thoi tiét da duoc bat dau tir nam
2000. Cho dén nay théng qua hop tac quéc t&, chuyén giao cong nghé, da cé nhiéu mé hinh
khic nhau dwoc sir dung trong nghién ciru cing nhu du bdo nghiép vu tai cdc vién, truong
dai hoc va trung tam nghién cttu. Néu chi sitt dung mé hinh dé nghién ciru thi thoi gian duw
béo khong ¢é vai tro dang ké nhung khi dwa vao du bdo nghiép vu, yéu té thoi gian lai tré
thanh mot nhan t6 quyét dinh lieu ta c¢é thé st dung dwoc két qua du bdo tir moé hinh dé
hay khong. Chi véi thoi gian duw bdo ngan, moé hinh méi ¢é thé hd tro tot cho dur bdo vién
trong tham khao dwa ra két qua duw bdo.

M6t moé hinh du bdo thoi tiét mudn du bdo véi chat lwong tot doi hoéi hai yéu cau. Thit
nhét, cic qué trinh vat Iy khi quyén cling nhw twong téc cia ching véi nhau phai diroc mo
td tot trong mo hinh. Thit hai, mién tinh ciia mo hinh phai di 1ém véi do phan gidi cao. Hai
nhan t6 nay khién cho khéi lwrong tinh toan trong moé hinh trd nén rat 1ém. Trong khi yéu té
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thit nhat xéc dinh s6 lwong phép tinh tai moéi diém lwéi thi yéu té thit hai cho ta tong s6 cic
phép tinh tai moi budc thoi gian. Vé&i mot khdi lwong tinh todn 16n nhw vay, cdc mo hinh
dur béo thoi tiét luon chiém dung nhiéu tai nguyén may tinh véi thoi gian tinh todn 1é6m.

Hién nay trén thé giéi mot mé hinh dur bao thoi tiét luén ¢é it nhat 13 hai phién ban, mot
phién ban tinh toan tuan tw vd mot phién ban tinh toin song song trén hé phan tan nhé.
Mot s6 mo hinh ¢é thém phién ban song song trén hé chia sé nhé. Nhirng phién ban tinh
toan song song nay ra doi tlr qua trinh nghién ctru tinh todn hiéu nang cao cho cac bai toan
dong luc hoc chidt 1éng tinh todn (Computation Fluid Dynamics) ma bai todn duw bdo thoi
tiét 1a mot phan trong d6 (xem [2,4]). Nhimg mo6 hinh du bdo c¢6 phién ban tinh todn song
song dwoc st dung tai Viét Nam gom c6 HRM, RAMS, MMS5, Eta.

Mb hinh khi twong du bdo thoi tiet HRM cida Cong hoa Lién bang Pire 14 két qua hop
téc nghién citu ciia cac nha khi tiwrong Pikc do tién si Detlev Majevski chi tri. Mo hinh dwoc
cung cap mién phi cho céc trung tam khi twong tai cdc nwéc dang phét trién cho cid muc
dich nghién cttu ciing nhw nghiép vu. Hién tai trén thé giéi cé khoang hai muoi nuée dang
st dung mo6 hinh nay trong nghiép vu. Tai Viéet Nam, HRM dwoc dwa vao chay nghiép vu
tai Trung tam du bdo khi twong thiy van trung wong tir nam 2002.

Hién tai mé hinh HRM ¢é mot phién ban tinh todn tuan tw va mot phién ban tinh toan
song song viét cho hé may tinh chia sé nhé. Véi may tinh song song chia sé bo nhé IBM
RISS6000 tai Trung tam, thoi gian chay mé hinh khong dap ing duoc thoi gian nghiép vu.
Trong khi dau twr mua mot siéu mdy tinh boé nhé chia sé ¢ hiéu nang tinh todn cao hon td
ra khong kha thi, hwéng gidi quyét chuyén maéi truedong tinh toan tir mdy tinh bé nhé chia sé
sang may tinh bé song song bo nhé phan téan lai t6 ro loi thé vé mit gid thanh. Cong viéc
méi phai thue hién 1a tdi cau tric tinh todn song song va ciu tric dir liéu cia mo hinh HRM.

2. MO HINH DU BAO THOT TIET HRM

2.1. Hé phuong trinh co’ s&

Céc bién du bdo co ban cia HRM gom van toc gié vi huéng u, van toc gié kinh hwémg
v, 4p suat bé mit p,, nhiet do6 T, d6 am riéng g,. Néu mo6 phéng may ta phai du bdo thém
lrong nude va bang trong may ¢. va ¢;. Trong mo6 phdéng, HRM st dung hé phuong trinh
Navie-Stockes trén hé toa d6 kinh vi dia 1y theo phuong ngang va toa d6 lai theo phuong

ding (X, ¢,n). Toa do lai n duwoc dinh nghia thong qua 4p sudt p nhu sau
b
n—=— 0 < b < b1,
];90 p bt ps — P
— : Ds —
= ——+ =" P <p<ps,
Ps — Pt PoPs — Pt

trong dé pg 1a 4p sudt chuan tai muc mit bien 1000 hPa, p, 14 4p suat bé mat, p; 1a 4p suat
chuan tai dinh tang déi lwu 220 hPa.
Duéi day 1a phwong trinh du béo cho cdc bién khi twong co ban trong HRM theo [3].

(2.1)

Phuong trinh du bdo 4p suat bé mait pg

1
o )y () et e

v&i A la kinh d9, ¢ 14 vi Ao va a 14 ban kinh trai ddt. Phuong trinh du bdo hai thanh phan
van toc gié u, v
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8u 1 9@+ K) RT, Olnp  ,0u ,Ou 4
= (v - acose O acosg OA g n + (E)Sub — KaViu, o (2:3)
ov 13(CID+K) RT,dlnp  ,0v ,0Ov 4

trong dé ¢ 14 do xody, f 1a tham s6 Coriolis, ® va K 1a thé ning va dong ning tinh trén mot
don vi khéi lwong khi, T}, 1a nhiét do 4o, R 1a hang s6 khi, n* 1a téc do thang ding trong hé
toa do lai va K4 13 heé s6 roi ngang bac bon.

Phuong trinh du bao nhiét a6 T°

oT LT or) 0T Rlyw Le, oF)
= vV COS —_—
Yo’ T T C, p ! C,  \ot/sb

ot acosgo( oA

— K VYT —Tr) (2.5)

v&i w 1a van toc thang ding trong hé toa do khi 4p, ¢, 1a lwong hoi nwéc ngung tu trong
khi quyén, C, 1a nhiét dung riéng dang 4p, L 1a nhiét héa hoi cia nude, Trer 14 nhiét do quy
chiéu cta khi quyén.
Do hoi nuéc trong khi quyén déng mét vai tro quan trong trong diéu chinh can bang nang
lrong nén HRM st dung thém phwong trinh duw bdo lwong hoi nwéce g, trong khi quyén
9qy 1 00 9g,

= — (u—v+’ucosgo&)—77
ot acose s O @ on ot

—Cp Tt ( )sub o K4v4qv : <26>

Hai phwong trinh du bao cho lrong nwéc may ¢. va lwong bang trong may ¢; ¢6 dang
twong tu (cing la phwong trinh bao toan).

Céc phuong trinh (2.3)-(2.6) chita cdc s6 hang véi chi s6 dudi sub. Pay la cac s6 hang
mé ta nhitng qué trinh quy moé dwéi quy moé vira tir cdc van chuyén do réi cho dén céc qué
trinh quy mé phan tit. D dinh lwong tdc dong cia nhirng qud trinh nay lén dién bién dong
lire quy mo vira cia hé thong khi quyén ngudi ta phai thuwe hién tham sé héa vat 1y. Tham
s6 héa vat 1y 13 mot phwong phép cho phép danh gid tac dong cia nhirng qué trinh quy mo
nhé t&i nhirng qua trinh quy mé 16n hon dwéi dang mot ham sé ma cic bién quy moé 1én hon
trong phwong trinh dong lwe dwoc sit dung dwéi dang tham s6. Mot mo hinh quy mé vira
nhw HRM can tham s6 héa nhirng qud trinh vat 1y sau: birc xa mat trod, may, qud trinh sinh
mura, qué trinh roi tai 16p bién va cdc qué trinh thiy van trén bé mit ciing nhu trong dat.

2.2. Thyc hién mé phdng trén may tinh

Hé phwong trinh Navie-Stockes HRM str dung s& dwoc giai gan ding bang cach xap xi
cdc dao ham riéng dudi dang roi rac, viét lai hé phuong trinh vi phan dao ham riéng dudi
dang sai phan titc 14 mot hé phuong trinh dai s6 tuyén tinh, sau dé sir dung may tinh tim
nghiém duéi dang s6. Nhw thé mien tinh lién tuc sé& dwoc chuyén thanh méot lwéi roi rac véi
do phan gidi di 16m ddm bdo khéng bd qua hién twong quan tam. Tai moi nit luéi, ta dat
tat ca cdc bién du bdo can tim w, v, T, ¢, ps. Nhu vay trong khong gian ba chiéu céc nit ludi
sé duoc truy cap dén thong qua céc chi s6 i, 7, k.

Xap xi cia dao ham riéng theo kinh do dai lwong f bat ky dwoc HRM thue hién qua so

f) Jir1— fia
O\ 2AX ’

d6 sai phan trung tam nhuw sau:

(2.7)
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trong d6 chi s6 4 cho ta vi tri cla nit lwéi ta muon xap xi (& day dé don gidn da bd qua hai
chisd j va k), i+ 1 vai— 113 hai diem ké cia diém . Céc sai phan theo vi do hay theo toa
do lai n cung dugc thuce hién twong tr.

Xap xi cia dao ham riéng theo thoi gian cing duwoc thuce hién theo mot cach twong twr
nhung do c6 mét s6 khac biét gan lien véi du bdo duwa trén cic gid tri hién tai va qué khit
nén dang xap xi nay can dwoc xem xét rieng. Xét phwong trinh vi phan thuong:

of

pri F. (2.8)
Phuong trinh nay 1a phuong trinh dai dién cho cdc phuong trinh (2.2) - (2.6). HRM st dung
phuong phap Leapfrog nhu sau:

fn+1 _ fnfl
2At B

v6i chi 86 trén n xdc dinh buéc thoi gian (khong phai chi s6 mil) va At la thoi gian cia mot
bude tich phan. T (2.9) ta cé:

fad (2.9)

ot =t 2AeEm. (2.10)

Khi x4c dinh gid tri F™ néu c¢é s xuat hién cia cédc dao ham riéng theo khong gian ta sé
xap xi ching theo (2.7).

Tuy nhién, van dé phitc tap hon khi s xuat hién cia séng trong trwong trong khi quyén
da giéi han buéce thoi gian tich phan lai rdt nhé. Nhuw vay phwong phép Leapfrog khong kinh
té tinh toan, mat nhiéu thoi gian tich phan, khong ddm bao veé thoi gian nghiép vu. Deé tang
buréc thoi gian dir bdo ngudi ta phai diing cdch sai phan ban an tite 1a chi ¢6 mot phan cia
F duoc sai phan an. Phan nay chinh 1a cdc luc vat 1y sinh séng trong truomg. Néu tach F
thanh hai thanh phan, Fp chi thanh phan thong thudmg va Iy chi thanh phan sinh séng trong
trieomg, so do sai phan ban an sé nhu sau

A S B+ l(F”“ + Fr L, (2.11)
2At 2 1 !
Viét lai phwong trinh nay ta duwoc
S = 2T+ AUFYT 2B 4 BN = 25 4 ALAR (2.12)
Vi fREt = LR 200 va ARy = FPTT 2 4 B

Nhw vay tich phan cédc phwong trinh co ban s& gom hai buéc: tich phan hién vi hiéu
chinh ban an sau d6. Trong buwéc hiéu chinh ban an bang nhitng bién doi todn hoc ta s& dua
bai todn vé mot hé phwong trinh Helmholtz hai chieu. Cudi cliing, bang moét phép chiéu lén
cac véc to rieng ta sé dwa hé nay trd thanh cdc phwong trinh Helmholtz hai chiéu doc lap.
Céc phwong trinh nay dwoc HRM gidi theo phwong phap lip Gauss-Seidel truée dé da doi
bién theo phép bién doi Fourier nhanh (xem [1,5]). M6 ta toan hoc cia cic phwong trinh nay
khé phtrc tap nén ta sé khong trinh bay & day.

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

Mb hinh héa chédt luu (trong dé cé chat khi) sit dung céc ky thuat cia dong luc hoc chat
16ng tinh toan (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 cdc dao ham riéng khong gian va thoi gian trén cac diem lwéi
chi st dung céc gid tri 1an can cho phép chia mé hinh thanh céc phan nhé twong déi doc lap
v4i nhau. Viéc tinh toan trén cdc ving dia phuwong chi sir dung dir liéu dia phwong va phan

dir liéu bién cua cdc vung dia phuong khéc.

M6 hinh HRM phién ban 1.5 thuc hién song song héa theo OpenMP. Uu di€ém rd rang
nhat cia OpenMP chinh 13 tinh don gidn khi viét chwong trinh bdi OpenMP hoin toan gitr
nguyeén cau tric lap trinh tuan tu, song song héa chi dwoe thé hién qua céc cdu tric dan
huéng bién dich vong lip. Cau tric chwong trinh chinh trong HRM dwoc thuwe hién song

song véi OpenMP dwoc thé hién trén Hinh 3.1.

NGUYEN PUC LANG

Prog_s_01

v

Prog_s_02

v

Physics

v

Prog_s_03

Prog_s_04

Dia_phys

Meteograph

Diagnos

—

»
'

Caladdfld

Hinh 3.1. So @6 khoi chwong trinh tich phan theo thoi gian ciia mé hinh HRM

Chitc nang cia moi chwong trinh con dwoc mé ta ngan gon nhuw sau:

Prog_s_01: x4c dinh truwong thé nang ® bang cich tich phan phwong trinh thiy tinh. Song

v

Pp_org
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song héa dwoc thure hién theo hwéng Bac Nam tirc la ving tinh dwoc chia thanh cac dai vi
do song song v4i nhau.
Prog_s_02: x4c dinh két qua du bdo ban dau cia cic bién dw bdo ps, u, v, T, qu, Ge, q; tir file
s6 liéu bién bang phép néi suy tuyén tinh gitta hai thoi diém co dinh. Song song héa dwoc
thuc hién theo hwéng Bic Nam.
Physics : tham s6 hdéa cic qua trinh vat 1y cia mo hinh. Céc qud trinh tham s6 héa lan
lrot theo trinh tu bao gom: tham s6 héa qué trinh gidng thiy quy mé lwéi, tinh dé phi may
ciing lwrong nuwéc va bang trong may, tham s6 héa birc xa, tham s6 héa qué trinh 16i thang
ding trong khi quyén, tham s6 héa qud trinh réi thang ding tai bé mat, tham sé héa doi
Iy, tham s6 héa qud trinh ddt. Song song héa ciing dwoc thue hién theo hwéng Bac Nam
nhung khong phai trén nhirng dai 1ém ma moi dai chi twong tmg véi mot hang (mot vi do).
Prog_s_03: du béo hién theo phwong phép Leapfrog cac bién ps, u, v, T, G, Ge, ;. SOng song
héa duwoc thuc hién theo hwéng Bic Nam.
Prog_s_04: xéc dinh vé phai cia phwong trinh Helmholtz ba chiéu roi nhan ma tran nay
(dang véc to cho moi diém kinh vi) véi ma tran véc to riéng (ma tran hai chiéu) cia ma tran
cau triic ta sé thu dwoc véc to ma moi s6 hang sé 1a vé phai ciia mot phwong trinh Helmholtz
hai chiéu. Song song héa dwoc thuc hién theo hwéng Bac Nam.
Prog_s_05: gidi n phwong trinh Helmholtz hai chiéu twong tng véi n muce mo hinh chiu téc
dong nhiéu tir séng trong trueong manh nhat. Song song héa dwoc thuwe hién bang céch gidi
song song n phuwong trinh Helmholtz hai chiéu.
Prog_s_06: cong cac gid tri hiéu chinh tinh dugc & trén vao cdc gid tri du bao hién da tinh
dugec tir phan du bdo hién trude dé nhu trong cong thire (2.12). Phan nay két thic qud trinh
hiéu chinh ban an. Song song héa dwoc thuc hién theo hwéng Bic Nam.
Prog_s_07: thuc hién bién gidm duw, loc Asselin cho céc bién dur bdo nham gidm trir nghiém
tinh toan trong so dd Leapfrog. Song song héa dwoc thie hién theo hwémg Bic Nam.
Prog_s_08: tinh trudmg thé ning tai mirc thoi gian mdi, xdc dinh cdc truwong cdnh bdo beé
mat. Song song héa dwroc thue hién theo hwéng Bac Nam.
Rubc: tinh van tdc thang dimg tai dinh moé hinh néu moé hinh sit dung diéu kién bién trén
phét xa. Tinh todn tuan tur.
Dia_phys: tinh gid tri trung binh cia cdc bién du bdo cling mot s6 dai lwong dan xudt sau
mot khodng thoi gian nhat dinh. Tinh todn tuan tu.
Meteograph: két xuat dién bién thoi tiét tai mot dia diém. Tinh todn tuin tr.
Diagnos: tinh gid tri cac bién cho phép theo doi qua trinh chay ciia mé hinh. Tinh todn tuan
tur.
Caladdfld: tinh mét s6 treomg phu véi muc dich két xuat gom do cao dinh dsi lwu kho, do
sau may, do phd may, dé cao muc 0°C. Song song héa dwoc thuc hién theo huéng Bac Nam.
Pp_org: ndi suy gia tri cdc bién tir muc moé hinh vé muc 4p suat, ghi s6 liéu ra file duéi dang
GRIBI1 (dinh dang s6 liéu khi twong theo T6 chitc Khi twong thé gi¢i). Tinh todn tuan tur.
Nhw vay khong ké cic phan doan tinh todn twong tdc véi thiét bi ngoai vi c6 10 phan
doan tinh todn dwoc song song héa trong dé 8 phan doan song song theo huéng Biac Nam, 1
phan doan duwoc song song héa theo s6 séng trong trirdng can sai phan ban an va 1 phan doan
song song héa theo tirng hang. Tt cd cdc doan ma nay déu dwoc viét theo cac dan huéng
bién dich cia OpenMP cho Fortran. Dwéi day la doan méa song song héa khi chay phan doan



186 NGUYEN BUC LANG

tinh todn sai phan hién

'SOMP PARALLEL DO

ISOMP& PRIVATE(jt, mi2sc, mi2ec)

ISOMP& 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

'SOMP END PARALLEL DO

Poan ma nay dic trung cho cac phan doan tinh toan duwoc song song héa theo hwéng Bac
Nam. Dién gidi doan ma nay tir ngoén ngir song song cia OpenMP ta cé thé thay nhw sau:
truée hét dan hudng bién dich PARALLEL DO va END PARALLEL DO dwgc OpenMP si
dung d€ mé dau va két thic vong lap song song. Hai dac td PRIVATE va SHARED trong
vong lap PARALLEL DO cho ta biét cc bién la dia phwong véi moi tién trinh hay dwoc
dung chung bdi céc tién trinh. Cu thé & day ba bién jt (chi s6 tién trinh), mi2sc (chi s6 hang
mé dau), mi2ec (chi s6 hang két thic) 1a riéng cho méi tién trinh. Biéu nay kha dé hiéu béi
hai chi 86 mi2sc va mi2ec ttng véi moi tién trinh sé xdc dinh doan dir liéu trén dé tién trinh
nay phai xtt Iy. Céc bién khong dwoc cdc tién trinh phan biét gom cé: nproc (s6 tién trinh),
mj2_start (mang chi s6 hang m& dau), mj2_end (mang chi s6 hang két thic), milsc (chi s6
cot m& dau) va milec (chi s6 cot két thiic). Do chi song song héa theo hiéng Bac Nam nén
chi 6 cot m& dau va két thic 1a nhw nhau cho moi tién trinh.

Poan ma nam gitta dan hwéng bién dich PARALLEL DO va END PARALLEL DO
chi dom gidn 13 doan ma Fortran thuc hién mot vong lap trén céc tién trinh. Moi vong
lip goi téi chwong trinh tich phan hién trén viing dir lieu duwoc xéc dinh bdi cic chi s6
milsc, milec, mi2sc, mi2ec. Nho OpenMP ma thay vi thuc hién tuan tw cdc vong lip sé
dwoc thue hién song song nghia 13 cdc tién trinh tich phan hién song song. Nhwr da néi & trén
qué trinh song song dwoc thuce hién theo hwéng Bac Nam. Bay gio ta chuyén sang doan ma
song song héa khi chay phan doan tham sé héa vat 1y:

'SOMP PARALLEL DO

ISOMP& PRIVATE(jt, mi2sc, mi2ec)

ISOMP& SHARED(milsc, milec,ig2s,ig2e)

do jt = ig2s+1,ig2e—1

me2sc = jt
me2ec = jt
call phyics(milsc, milec, mi2sc, mi2ec)

enddo

'SOMP END PARALLEL DO

Khéac véi phan doan tich phan hién dwoc song song héa theo tirng dai theo hwéng Bac
Nam, phan doan tham s6 héa vat Iy dwoc song song héa theo tirng hang. Diéu nay dwoc thé
hién khi vong lap do jt = ig2s+ 1,ig2e—1 cho ta biét chwong trinh sé thue hién tinh toan lip
theo tirng hang trén toan mién tinh. Két qua 1a hai chi s6 hang: md dau mi2sc va két thiic
mi2ec cho moi tién trinh sé tring nhau, ciing 1 chi s6 ciia mot hang j¢. Chinh huwéng song
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song héa theo tirng hang nhu vay sé lam gidm hiéu ning tinh todn cida mo hinh rat nhiéu.

Cudi cung 1a phan doan ma song song héa gidi hé phwong trinh Helmholtz hai chieu doc
lap:

'SOMP PARALLEL DO

ISOMP& PRIVATE(;3)

ISOMP& SHARED(nst)

do 33 =1,nst

call prog_s_05(;j3)

enddo

'SOMP END PARALLEL DO
O day nsi 1a 86 phirong trinh Helmholtz hai chieu cin dwoc gii (ta khong can phai gidi toan
bo cdc phuong trinh Helmholtz do chi nhirng phuong trinh twong ttng v&i cdc séng trong
trueomg ¢é van toc 16m méi can dwoc gidi an). Nhw vong lap do j3 = 1, nsi cho thay qud trinh
song song dwoc thue hién dong thoi trén nsi phwong trinh.

Véi cau tric chwong trinh va moé hinh tinh todn song song nhw hién tai, khi du bdo 6
gior trén may bo nhé chia sé IBM RISS6000 do Trung tam Dur bdo khi twong thuy van trung
wong dau tu thoi gian thue chay chwong trinh 13 80 phit. Thoi gian chay chwong trinh nhuw
vay khong ddp tng duoc cic yéu cau nghiép vu bdi véi du béo trude 2 ngay (48 gior) thoi
gian can dé chay chwong trinh s& khodng 10 gio. Pé rit ngan thoi gian tinh todn ta cé thé
don gidn dau tw mua thém céc siéu mdy tinh song song theo mé hinh chia sé bo nhé. Tuy
nhién nhirng mdy tinh nhw vay cé gia thanh rat cao. Vira muén gidm gid thanh lai van dam
bdo hiéu nang tinh toan ciia mé hinh ta ¢6 thé hwéng dén cdc may tinh bo nhé phan tan ma
dién hinh 13 hé thong mdy tinh bé song song. Tuy nhién xay dung chwong trinh HRM trén
hé théng may tinh nay doi héi chuyén déi ma nguodn tinh toin song song cia chwong trinh
HRM tir mo6 hinh chia sé bo nhé sang mé hinh bo nhé phan tan. Viéc téi cau tric chwong
trinh va cau tric dir liéu can phai dwoc thuwe hién.

3.2. Chuyén ddi tinh to4n song song trong mé hinh HRM

Trén moi trudng tinh todn song song chia sé nhé, toan bo dur lieu dwoc dat vao mot ving
nhé tap trung va duy nhat, moi tién trinh déu cé thé truy cap truc tiép dén viung dir liéu
clia tién trinh khic va dieu luvu ¥ nhat cia nguoi thiét ké song song 1a dam bdo khong ¢
xung dot khi truy cap nhé va dinh hwéng bién dich cho céc vong lap. Dé lam dwoc diéu nay
ngudi ta chia bai toan thanh nhiéu phan doan sao cho tai moi phan doan cac phan nhé cé su
truy cap cda nhiéu tién trinh 14 chi doc. Cho dén phién ban HRM_1.5 thi viéc thiét ké va lap
trinh song song cho moi trudmg chia sé nhé da dwwoc hoan thién va dwa vao diung thir & mot
vai nwée. Viet Nam cing duwoc cung cap cing véi mot may tinh IBM RISS6000.

Phan tich mot buée tich phan cia mé hinh HRM cho thdy moi phan doan tinh todn can
khodng 15 gidy, ngoai trir physics do song song héa theo hang nén cin nhiéu thoi gian hon,
khodng 50 gidy. Moi buée nhu vay sé mat 190 gidy. Thoi gian giri nhan t6i wu cho dir liéu
gitta. hai mode tinh todn theo thit nghiém can khodng 1 gidy trung binh. Do dé néu chia
chuong trinh ra khodng 6 node tinh toan song song cdc phan doan va 2 lan gii truyén gitra
céc node thi thoi gian tinh cho mét bude lap thoi gian dur bo sé khodng 34 giay. Tong thoi
gian cho 48 gitr du bdo sé la 1 gio. Va chuwong trinh hoan toan dap Gng tinh nang thoi gian
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thue véi dau tu phan cimg khong qué cao.

Trong tinh toan song song hién tai & mo6 hinh HRM, song song héa chi dwoc thwe hién
mot chiéu theo hwéng Bac Nam. D& song song héa theo hwéng dit lieu dwoc thue hién véi
nhieu phan tir dit liéu hon ta cé thé song song héa theo ci hai hwéng Bac Nam va Pong Tay.
Chién lroc nay dwoc thé hién trén Hinh 3.2.

(1,ny) (nx,ny)
Tién trinh nlxn2
Tién trinh x
Tién trinh 1 Tién trinh n/
(1,1) (nx,1)

Hinh 3.2. Phan tir dir liéu trong tinh toan song song cia HRM véi 5x3 CPU

Trong méi truong song song chia sé nhé, moi tién trinh ¢é ving nhé riéng va khong thé
truy cap dén phan dit litu cia cac tién trinh khac dwoc. Viéc trao d6i dir lieu phai théng
qua cidc ham truyén nhan dir lieu cia céc thu vién bién dich song song. Cong viec cho ngudi
thiét ké song song phitc tap hon 1a phan chia lam sao dé c¢é su doc 1ap twong déi ve dit liéu
gitra céc tién trinh titc 1& moi tién trinh truy cap dén viing dir liéu cia tién trinh khéc cang
it cang tot va lap trinh dé dong bé dit liéu cho céc tién trinh.
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Viung tinh todn ctia Process 0

Hinh 3.3. So @6 phan chia dit liéu va viing tinh todn cho céc tién trinh song song
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Mién tinh todn cia mé hinh s& dwoc phan bé cho méi CPU sao cho can bang nhat cé thé.
MBoi tién trinh s& dur bdo cho mién dir liéu cia riéng minh. Duy nhat tién trinh 0 quan 1y tat
ca cdc chi s6 hang va cot cia mieén tinh. Céc tién trinh khac chi ¢6 chi s6 hang va cot cho
riéng ving dir liéu cia tién trinh nay. Céc tién trinh & trao doi véi nhau théng qua hai hang
va ¢ot ngoai cling tai bién mién tinh cia mién dir liéu cia né.

Riéng véi hé phwong trinh Helmholtz hai chiéu qué trinh song song van dwoc thuc hién
gidi song song cdc phwong trinh Helmholtz hai chiéu doc lap.

So do phan chia dir litu va ving tinh todn dwoc cho trén Hinh 3.3 trong dé nprocl la s6
tién trinh (Process) trén mot hang, nproc2 1a s6 tién trinh trén mot cot, kilsc, kilec 1a chi
s6 cot bat dau va két ving tinh todn cia mot tién trinh, ki2sc, ki2ec 1 chi s6 hang bat dau
va két viing tinh todn ciia mot tién trinh. Ving tinh todn cia moi tién trinh dwoc cap phat
rong hon viing dit liéu mot doan bang phan lan bién. Tai mdi phan doan song song, moi tién
trinh thue hién viéc tinh toan trén mién con cila minh va sau dé giti céc gia tri tinh toan dwoc
cho cdc tién trinh 1an can va nhan lai dir liéu tir cdc tién trinh dé. Dir liéu ma cdc tién trinh
phai dong bo véi nhau 1a dit liéu tai bién cia cdc mién con. Céc tién trinh ¢é vai tro nhuw
nhau trir tién trinh 0. Tién trinh 0 ngoai ddm nhan tinh todn trén mot mién con dong thoi
con dam nhan thém viéc gitt nhip va vao ra dit lieu cho toan bé mé hinh. Méi tién trinh cé
nhiéu nhat 1a 8 1an can 1 Pong, Tay, Nam, Bic, Pong-Bac, Pong-Nam, Tay-Bac, Tay-Nam,
nhirng tién trinh & gan bién thi khong cé did 8 lan can.

Viéc dong bo dit liéu trong chwong trinh dwoc thire hién nhw sau:

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

MBoi tién trinh tinh todn trén mién con cia né va dong bo bién véi cdc lan can cia né.

Tai céc thoi diém cap nhat gid tri bién tir mo hinh toan cau, tién trinh 0 doc gid tri bién
va giri cho céc tién trinh khéc.

Tai céc thoi diem dur bdo céc tién trinh khéc gwi dir lieu trong mién con cia minh cho
tién trinh 0, tién trinh 0 tong hop dir liéu thanh di liéu cia toan bd moé hinh va ghi ra file.

Pé thuc hién chién lroc song song héa nay, mot s6 phwong thitc truyeén thoéng can dwoc
thuc hién nham dam béo trao déi dir liéu giita céc tién trinh. Duéi day 13 cédc phwong thike
da dugc thue hién
1. Recv_full: gii cdc trudong du bao tir tién trinh 0 téi tat cd cdc tién trinh tai buéc thoi

gian dau tien.

2. Recv_lb: giri cic trudng bién tir tién trinh 0 t61 tat ci céc tién trinh tai buédc thoi gian
dau tiéen.

3. Send_recv_physics: trao doi dir liéu cac truomg lién quan dén phan tham s6 héa vat ly
gifra céc tién trinh.

4. Send_recv_prog_03: trao ddi cic triomg canh bdo tinh dwoc tir phan duwr bdo hién can cho
so d6 hiéu chinh ban an giita cic tién trinh.

5. Send_recv_prog_04: trao déi cac trudmg tinh dwoc tir chwong trinh prog_s_04 can cho buéc
tiép theo trong so do hiéu chinh ban an gira cac tién trinh.

6. Send_recv_prog_05: trao ddi cac truomg tinh dwoc tir chwong trinh prog_s_05 can cho
buréc tiép theo trong so do hiéu chinh ban an gitta céc tién trinh.

7. Send_recv_prog_08: trao doi céc trudmg dur bao tinh duwoc tir chwong trinh prog_s_07 gitra
cac tién trinh.
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8. Send_full: g cic treong du bdo tir moi tién trinh 1 cho dén n téi tién trinh 0 sau mot
khodng thoi gian thich hop can thiét cho viec két xuat dir lieu.

Chwong trinh chinh cia HRM bay git can dwoc thue hién nhw sau:
call MPLINIT (mpi_err)

call MPI_COMM_RANK (MPI_.COMM_WORLD, myid, mpi_err)
call MPI_.COMM_SIZE (MPI_COMM_WORLD, nproc, mpi_err)

Poc file chita dir liéu trueomg ban dau
call recv_full()

DPoc hai file chita dir liéu bién ban dau
call recv_1b()

call MPI_BARRIER(MPI_.COMM _WORLD, mpi_err)
Thurc hién vong lap tich phan

Doc file chita dir liéu bién tiép theo

call recv_1b()

Tich phan

Két thic vong lap tich phan

call MPI_BARRIER(MPI_.COMM _WORLD, mpi_err)

call MPI_FINALIZE(mpi_err)

Sau khi khéi dong tinh todn MPI véi ham MPIINIT ta sé xac dinh dinh danh tién trinh
dang chay va s6 tién trinh qua ham MPI_COMM_RANK vi MPI_COMM _SIZE. Dt liéu ban
dau va dir liéu bién sau khi dwoc doc vao bo nhé sé dwoc tién trinh 0 giti t6i tidt ca cdc tién
trinh khéc. Biéu nay duoc thuce hién qua phuong thite recv_full va recv_lb trong dé cé sir
dung phwong thitc MPI_RECV ciia MPI. Truéc khi bat dau va sau khi két thic vong lap tich
phéan ta dong bo hoat dong cia céc tién trinh nho phwong thitc MPI_BARRIER. Cudi cling
tinh todn véi MPI két thic MPI_FINALIZE.

Khéc v4i phan doan ma sai phan hién song song héa véi OpenMP phan doan ma song
song véi MPI sé ¢é dang:

do jt = 1, nproc

if ((myid+ 1) == jt) then

milsc = mjl_start(jt)

milec = mjl_end(jt)

mi2sc = mj2_start(jt)

mi2ec = mj2_end(jt)

call prog_s_03(milsc, milec, mi2sc, mi2ec)
endi f

enddo

call MPI_BARRIER(MPI_.COMM _WORLD, mpi_err)

call send_recv_prog_03

Moi tién trinh sé tu xac dinh mién con tinh todn ciia né thong qua bon chi s6 milsc,
milec, mi2sc va mi2ec sau d6 tich phan hién theo (2.10). Céc tién trinh sau khi két thiic
phan tinh todn cia minh s& dong bo hoat dong tir phwong thitc MPI_BARRIER va trao doi
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cac két qua trén bién cho nhau send_recv_prog_03.
Phan doan ma tham s6 héa vat 1y song song héa véi MPI cé dang sau
do jt = mj2_start(myid + 1), mj2_end(myid + 1)
me2sc = ji
mi2ec = ji
milsc = mjl_start(myid + 1)
milec = mjl_end(myid+ 1)
call physics(milsc, milec, mi2sc, mi2ec)

enddo

call MPI_BARRIER(MPI_.COMM _WORLD, mpi_err)

So véi phan doan ma song song theo MPI & day ¢6 mot su khac biét véi phan doan ma
song song theo OpenMP. Moi tién trinh van thuc hién tinh todn trén mién con dir liéu cia
rieng né khéc v4i phién ban song song héa theo hang ciia OpenMP. Do modul tham s6 héa
vat 1y physics chi thuc hién tinh todn theo hang nén moi tién trinh phai thuwe hién tuin tuw
tham s6 héa theo hang tir Nam lén Bic. Tuy vay song song héa van hoan toan dwoc thuc
hién theo ca hai phwong Pong Tay va Bac Nam.

Phan doan ma hé phwong trinh Helmholtz hai chiéu doc lap song song héa theo MPI ciing
dwoc viét lai nhuw sau:

do j3 = mj3_start(myid + 1), mj3_end(myid + 1)

call prog_s_05(j3)

enddo

call MPI_BARRIER, (MPI_.COMM_WORLD, mpi_err)

call send_recv_prog_05

Dé thay phwong thitc thwe hién hoan toan twong tu nhuw mé td véi phan doan ma song
song véi OpenMP da néi & phan trén. Bay gio ta phai phéan chia cdc tién trinh mot cdch hop
Iy theo s6 cdc phwong trinh Helmholtz can dwoc gidi. Moi tién trinh sé c¢6 dwoc thong tin
dén tir toan bo mién tinh khong chi rieng cho mién con dir liéu cia né, xdc dinh céc heé s6
trong phuwong trinh ma né sé gial.
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Hinh 3.4. Mién tinh todn nghiép vu du bdo thoi tiét cho khu vuc Viet Nam
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bé kiém thir ma nguon chuwong trinh HRM da dwoc chuyén déi, chiing téi da thit nghiém
chay trén may tinh bé song song va so sanh két qua du bdo véi chwong trinh song song héa
cia HRM truéc day theo OpenMP hoic don gian chi chay HRM tuan tw. Hinh 3.4 cho ta
mién tinh todn véi dé phan gidi 14km cho khu vire Viét Nam dwoc st dung cho kiém thit.
bay cling chinh 14 mién tinh todn nghiép vu ciia Trung tam Du bdo khi twong thuy vin trung
wong khi dw bdo thoi tiét theo mo hinh HRM. Céc két qua cho thay mot sw tring hop hoan
toan gifta céc truomg dwoc dur bdo. Peé vi du, trén Hinh 3.5 ching téi biéu dién truomg du
bdo 24 gio cia ap suat be mit, nhiét do bé mit va gié cing nhw truomg dwong dong tai be
mat theo phién ban song song héa mé&i. Ngay bat dau dw bdo 00Z-31/10/2005 i lic con bao
Kaitak dang hoat dong ven bién cac tinh mién Trung Viét Nam nhw cé thé thay trén hinh
ve. Céc két qua nay ching toi 1ay tir két qua lru trir cida Trung tam Du bdo khi twong thuy
van trung wong. Céc két qua tinh todn tuan tw véi HRM la twong tu nén sé khong dwoc
bieu dién & day.
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Hinh 3.5. Truomg dur bédo 24h tir mé hinh HRM véi phién ban song song héa theo MPI
cho 4p sudt bé mat (trdi, trén), nhiét do bé mat (phai trén), gié bé mat (trai dudi)
va duomg dong (phai dwéi) cho du bdo chuyén dong cia bao Kaitak 00Z-31/10/2005.
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Kiém thir véi nhieu ngay du bao khac nhau cho thay két qua du bdo khong bi anh hudng
bdi ma song song méi trong khi thoi gian chay chwong trinh da dwoc giam di dang ké.

4. KET LUAN

Chuwong trinh dwoc thue hién sau dé dwa vao kiém tra, danh gid véi dir lieu thue cho
thay nhimg két qua sau:

+ Thiét ké song song dam bdo tinh toan ven dir lieu, khong phat sinh va tich liy sai s6
clia bai toan nghia 13 két qua tinh todn song song va tuan tur 13 hoan toan giéng nhau.

+ Chuwong trinh dwoc viét trén cdc ham chuan cia thw vien MPI ddm béo bién dich dé
dang.

+ Téc do tinh todn dwoc cai thién ro rét, ddm bdo thoi gian thuc, cé thé dwa vao chay
nghiép vu dur bdo hang ngay. Trung tam Dur bdo khi twong thuy vin trung wong da lap dit
mot may tinh song song boé nhé phan tan va dwa chwong trinh HRM vao chay nghiép vu
phuc vu cho viéc durr bdo thoi tiét trén cad nwée. Thoi gian dé chay chwong trinh du béo cho
72 gio mat khoang 45 phit. Cho dén nay hé théng van chay on dinh, phuc vu tét cho cong
tdc du bao thoi tiét cia Trung tam.
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