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Abstract

In practical simulation, due to the requirement to the time step length, implicit
schemes are often chosen for radiation heat conduct equation. Implicit schemes
are hard to parallelize, while explicit schemes are easy to implement on parallel
computer in spite of its strict stability constraints. When the problem requires
hundreds, thousands even tens of thousands of CPUs to compute together, the
strong coupling and the global communication become the bottleneck of high per-
formance computing. It has become a challenging problem in large scale scientific
and engineering computation to reformulate exist implicit schemes and develop
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parallel computational methods for large scale parallel computers. In this paper,
the construction and basic properties of iterative parallel schemes are introduced.
The proposed parallel schemes apply the predication and correction techniques
to the inner interface of subdomains. The techniques are combined to the itera-
tive soluition procedure of the subdomain problem. The stability, convergence and
parallelism are studied.

Key words: Heat equation, parallel difference scheme, iterative methods, in-
terface correction
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TERBARIR 2 5 TR E LA IR 50 7 RS B I RN, AT 220 SRR R 1
WRMTILER:

(—) (Baett) X RATLHFRREN ZAON BRI REI& 250,

(Z) (Bessch) MR MBEMRR BRI, fedh 5ol B Uk e UM R R R T L 4
R, R BWTIRZE /D, MBI &0 R LB TR

(Z) GHTHE) BARIFTE, 5 A st 3R R, ETENABPE, I BFE
KEERE R, REEDIFITIFH

(M) (ERiE) &4 T4 A 0 R ATRFIATI, WA R AIA K. iR 4
i), S KIEB R N R, 86T A A LMERSS I &);

() (BEAME) 6 FRBEAT WA T W M, DRSS WA S F 0 TRIETERSG HE,
EESRE BT 8, RFERMEESHK, BT 5

O8) (&FriE) TR EE R RETRAN BN, K480, WEMER A MEEN
RETEA FERS.

SRR T RITES FEEF SR T, WETIFE &R ANFTEMEL
MARSCHTF 2% SCERAT LA H, 2000 SE T FTRF R KPR IAT E 0 AR A AR 1, X
FELABREN ZETEKR B F LTI, 2000 ELRBIAHE T LRI E R
HREMEE —B R TH . Bk, AT RUEFTHER I TEMRAE DAL B
ERAP R AN B0, R0 R A SRR N £ BRTEIHATER ([1]—{14]) %L
W (1) f(F). 7 [9]—{12] s TR —RITEIFITHER, ENRTEERF N
BRSNS, T EEE THEHIOITH, BNIHEE (1) 1 (R), BAX &
BT LUE A i IR 8 B 25 1) F XA P 3 A A B s X, AR — A FIREPEF RN
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XA WA EEFBREERRE (B [41]). BREE-ADTREFAFEH BHX, X—
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Ftease i ((301—(87)), (EHEMMMICA—MRERE, AHE (2). BANERE], JLEFTAEH
FITESBERBHRER () M1 (X). EFZERIFES, T EWERR LA FRE
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i), MR, X5 TEIATHL LSt s se i 2= s X, BN W 2 LR BT IS
PER.

B SRR 4 R BT I M R BT “Amia” WERN, iE—4
e BB 43 4 R T AN I T I, AR TS ST AT SRR B el R bR e IR AT RS
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U0,8)=U(L,t) =0, te[0,T], (1.2)
U(z,0) = Uo(z), ze[0,1], (1.3)

He Qr =1[0,1] x [0,T], T > 0, Up(z) REXEE, Uo(0) = Up(1) = 0. AT HE
P 25 4 5 fff 1) .
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= %, 5u;.‘ =7 (u}ﬂrl — u;‘) , Jqu”. = % (5u§’ - 5uJ"-_1) ,ATU}H_I == (u;?“ — u?) .

A EFER I, BATERI T X .
X AR TR ORI S, 0 Sk (BT BRI 7 =
BRI E R FIBC ).
C ARXABRWT: BoWNAET REBEOERITIEG— B R E=HWAEN S
ERETAWGENSRITHER, FWH. BRH LA HETREEERERIFTHRR
HIBME R B 5 R U Je A RE L, R AR T BT 5 T R G IE s AR R X 52 s
T _ERAEER.

P

§82. BTHAEREMERIITHZN—BSE

A XL 0 A DA LG, 53 HOEAT SRR T IR S8 1 R — AN R
T, R MRS R R BTAR AR 1 R, 5k — A AR R, RESA PR
Sk FEA AR AR /IS B X AR LB % T R 3 AR DR, IRR BB R AR
PERRACS e ME s RBEAT SRR A (L RS SO AT 15 AR AR D Bl iert, R I AT 4 5%
SERTTEENSE SRR RSP TR E RO, 03 B8 X i L Bk
FERHE SRR+ EEN. 15 [38] s ik TR R TR 1 LA FAT A A7, B
AT TEARKERIATRB T — BT I SRR 4 R R T R E S
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DUESE—A~ (RIth) AR5 RAF S T 5320 57 4% P X880 P SR T A 1 5 S SR KL R, 7
o W95 AX 255 v SR 3 DX 3 AT S Ak e o 206 T X P

MWD, BT FEB E RS RIT R R — B B T

% (1) B SEAERBEAAE (55 n W6 RO6E) F R E;
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% (6) . EHE n+ 1 WERGBEEEEEEER, WEAS (1) 5 FN, A (4).
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7}+1(s) < ) _ .
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WX R G EMAENR, BEEHE—BOBE. B TES (3) HPHAEARA Du-Fort
Frankel =2 & M 20X — A5, %207 55 28— 45 b TR BN 2P R

B A BT R BRI T OB T4 R, TR — S B SRR R 3T
AEHAERATTIL. PINE R RES (3) HRERA Saul'yev JExt#ijss R #EAT it
H, ERBATREBE, BLFBIKETERARLEREN, HESKTURAS BR
wAS K 848 P2 Xpim, £ (3) HBithH, RASFFMLH R Neumann 5
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EFZRBRHAMY, B A Jacobi BERE MRS IERHITHER, ZHEAUXRZHREN.
T 3% BLH 5 B 3k AR AT AR A B FAESHATHL RSB 3HAT# X, RR B 7R 5 EAb
AT BRBUG, BETFRENBRARZIE, ABEFRES RELAHTRABE, ZHF
B 23478 8 B Ik Rodrigue 1 Wolitzer $#2 1 i XA EW S W IR L. Tiva i,
TERAHR B i — B TP, T LA H— BB 773, BN RRIEA 19— 807 A B 4l
A RS, REERREIMER I TR R E— TR TR R R AR

BAIHATH I — AN BB P AE LR B . o TR b B R
FABEAURE AT RAUKRAR, HEF RIZ A i0 F AR B BRI ERITE E, BlERE
WS BEBR T KO B B 7 i 5h, FE A ALK A B BT ik th R AR E RN R R
KA ERAEMEXFITBE, BHEERB RN, XAEIET REE SR ARBES R ER
12, B TR 2 4R I R AR . AR TH B IERT %, MERRNEBEY,
RARFREEE#HR. BAVERRANR NS — 25 {BHTBE E—SHPNTRER
T4k i RS A RBCA I TR B E MY, 75 458 AT LA IE AR
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HARY o = (k- 1)/k, k RIATBENRE, 2 k4 1 RHAZRBAEMEN X
BB X ME R AR R — AWt 10 A2, B T 2R EME . BEREERYN,
PR BE BB 1E 5 W ARAA 2, T DURIIE 22 43 sRAR SR 8K

§4. HERIT

B 1. BRI R T R I S AR ) B
ou 0, Ou 0, 0u
5~ 0000 T 5’5y
u(z,y,0) = g,z,y € Q,u(z,y,t) =5,z,y € 00,t € [0, T,
a=b=1/2, f = 1672 sin(4rz) sin(4my),

g = sin(wz) sin(my) + sin(4nz) sin(4ry) + 5,

+ f,z,y € Q,t€[0,T],

oA
u = exp(—m2t) sin(nz) sin(ny) + sin(4nz) sin(dry) + 5.

KR EHBIANE—AIEATHR, T EE S R4 AR R AR R M B T 5 B
AKX BERERE, FEA s, R A P18 R, K kAR IREHT .

& 1, ne R o HRGMESE, ny 2R y HRKNESE, r = 7/h° FoRH
I6]-5 2% (8] 75 Al B PR L, Ennd # R B IEL. CPU FoRAENANE, B AIRER
K, T AR B SERE ), SU MxHinsite, M & ERE (GRHERKE).

¥ERE 1. nz = ny = 1000, r = 10,tnnd = 0.005
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*x1
AE LA 25 64 100
HTEMERIEE 8.7196E-06 | 8.3045E-06 | 8.4922E-06
R E A iRE 9.1994E-06 | 9.1992E-06 | 9.1935E-06
FATHEAA 789.304 217.871 121.1725
ABXT o £ 25 90.57 162.845
FHEME IE B 3.13 3.13 3.13
T EREMRRE | 9 9 7

’7150 - 1E-08
I Precision of Parallel difference E Precision of Paraliel difference scheme
0.55-06 -
100}
s I Parallel differen _SQE—OG L tmplicit Scheme
] R [ .
g | g |
sol Linear speedups ‘A.SE-OG T Parallel difference scheme
: 6E-06 |-
O i 1 1 1 L. 1 1 1 1
20 40 Numbesroof CPU 80 100 20 4?\lumbe?'oof cplfo 100
HAEHRE 2. nx = ny = 1000, r = 30, tnnd = 0.005
£ 2
A EHA B 25 64 100
HITESHRRE 1.1621E-05 | 1.0807E-05 | 1.0767E-05
R NEE 1.3236E-05 | 1.3229E-05 | 1.3228E-05
AT 497.6498 125.860 71.208
RO N L 25 98.84985 174.71675
FHEERE 4.4 4.4 4.4
FEEERWERRE | 15 13 13
220 -
200 ;— Speedup of Parallel difference scheme 1.4E-05 o Precision of Parallel difference scheme
180 ; 1.35E-05 ;
160 - 1.3E-05 - Implicit Scheme
§'1 40 _ 1,25E-05 —
@ 120F 2 o
I inear speedu « 05 |
Emo - - Poscur %E *® F
80 S— &SE-OS ;_ Parailel difference scheme
60 3 1.1E-05 —
a0k b
1.06E-05 -
20 L 1 | - 1 1 L "l n " i 1 " I i " " ]
° 50 Numb;?gf CPU 180 200 20 40 Numbe?'oof CPU 80 100

FAERE 3. nz = ny = 3000, = 30, tnnd = 0.0005



75

14 FORHS: WERTEETREBEMERFATIHE T &
%3

SEEHA 144 225 256
HAENMERIRE 1.7981E-07 | 1.7481E-07 | 1.6787E-07
R E AR IR 1.8104E-07 | 1.8146E-07 | 1.8274E-07
AT 543.0919 319.63035 | 266.12768
MATMELY, 144 244.67 293.86
SEAE I KK 4.54 454 4.54
TR SRR | 13 11 11

Speedup of Paralleydifference

Parallel difference scheme/Speedu

Linear speedup

scheme

) — |
%?gmber of Cgi?

Parallel difference scheme

Preclision of Parallel difference scheme

—_— L L I Y L )
L

Bl 2. AL EE I BT A T SRR R R R, 2 L SIA SR T RAWEIE
AR IATHE N, T2 BIA MEMESNERSE 6 AMERIIE R BEE R
¥R 4. BU nx = ny = 1000, r = 20, tnnd = 0.05.
(1) 85 —HHE T RE G E M ERIATHE R, ESIER, BESRNT.

CPU IMPLICIT | 2x1 2 X 2 4x2 | 4x4 | 8x4
Eoo 3.72E-5 3.69E-5 | 3.82E-5 | 3.79E-5 | 3.76E-5 | 3.69E-5
T 4777578 | 25440.36 | 13878.04 | 6415.96 | 2762.57 | 1236.74
SU - 2 3.663 7.9303 | 18.418 | 41.141 -
Eoo/(T+0%) | 1.7714 17571 | 1.819 1.8048 | 1.7905 | 1.7571

fE 6 MAPERMBESRWT.
CPU IMPLICIT | 2x 1 2x2 | 4x2 | 4x4 | 8x4
Eoo 3.72E-5 2.72E5 | 2.37E-5 | 2.12E-5 | 2.77E-5 | 2.69E-5

T 4777578 | 27108.72 | 15394.71 | 7621.74 | 3462.32 | 1510.79
SU - 2 | 35218 | 7.1135 | 15.659 | 35.887
M 0 6 6 6 6 6
Eo/(r+h?) | 1.7714 12952 | 1.1286 | 1.0095 | 1.319 | 1.281

(IT) X3 R TR BB EROEMIHTHRR, AMEIMER, BEERUT.

CPU IMPLICIT | 2x1° 2x2 4x2 4x4 8x4
Ewo 3.72E-5 8.5FE-4 1.02E-3 1.04E-3 | 1.09E-3 | 2.1E-3
T 47775.78 27533.54 | 14372.34 | 6773.49 | 3137.32 | 1437.66
SU - 2 3.8315 8.1298 17.552 38.303
Es/(7+h) | 0.036471 0.83333 1 1.0196 1.0686 2.0588
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£ 6 AMERMBIEL RN T.

CPU IMPLICIT | 2x1 2x2 4x2 4x4 8 x4

Eow 3.72E-5 2.60E-4 5.98F-4 5.93E-4 | 5.98E-4 | 6.20E-4

T 47775.78 32687.63 | 17021.84 | 8128.78 | 4437.32 | 1773.51

SU - 2 3.8407 8.0424 14.733 36.862

M 0 6 6 6 6 6

Eoo/(T+h2) 1.7714 12.381 28.476 28.238 28.476 29.524

(III) XHE=RETHREG ERBARITHR, TESIER, BELERNT.

CPU IMPLICIT | 2x1 2x2 4x2 4x4 8 x4
Eo 3.72E-5 3.68E-5 5.64E-4 | 5.65E-4 | 7.2E-4 7.3E-4
T 47775.78 14124.95 | 7379.18 | 3415.96 | 1661.04 | 673.22
SU - 2 3.8283 8.27 17.007 41.962
Ew/(7+h) | 0.036471 1.7524 26.857 26.905 34.286 34.762
& 6 WAL ERBIBESRINT.
CPU IMPLICIT | 2x1 2x2 4x2 4 x4 8 x4
Ew 3.72E-5 2.25E-5 2.23E-5 1.36E-5 | 1.34E-5 | 1.33E-5
T 47775.78 21059.15 | 10861.14 | 5003.79 | 2423.36 | 1157.46
SU - 2 3.879 8.4173 17.38 36.389
M 0 6 6 6 6 6
Eo/(7+h?) | 1.7714 1.0714 1.0619 0.64762 | 0.6381 0.6226

THEZRERIFTHX (D-(II) ERESMERSIE 6 RIMERIEIE .

_ Speedup of the parallel difference schemes
40 -
i Scheme( l; -7
i = = = =Scheme(l)+6correction S
- — Schemell ~"‘
i -~ <Scheme(il)+6correction e
30 - ——— =S cheme(H s
- ————— =Scheme(lll)+6&correctigyf»~ 7
- "~‘_l
| T
[ <
20 R
R ':,"
B -
5 L.l
*s =
8 (4
10+ -5
- -
- IIIAIIIIAIIIIIAIIIIIIIIII3IOIA
5 1 15 25
?\lumber of 89’U

THEERERIFITHK (D-(III) EMESNERGE 6 RIMERKIETB KR
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Precision of parallel difference scheme

T am e e e o e o o e e e e e e e o
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