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sE#t: Partial Differential Equations;

Convective Diffusion Equation
du/dt +div( -k(x,u)Vu + b(x,u)u ) = f(x,u)
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ok 3.37 e N e
Fokt | TS | BT | WEEME | = A—/\—32E21—% 5-820/80 : 2GFLOPS
®175] | 7HES BICG = H20E m1=150, N=22650 A\ E
. = tE&E: m1=100, N=10100
FRUER S 7ol #AX 567 MFLOPS (28%) ... 0.71s
28% 1.06 GFLOPS (53%) ... 0.38s
WREE | /3 | 2mn m?n/2 30nr 2E¥21T 937 MFLOPS (46%) ... 0.43s
s HEIEARIBRE !
FHEIE m, T n, REERK r
WERHEER )
$ w_@_
B RiEfE = S-810/20 (630M) 232 MFLOPS
FHR | BITH | ®30 | WNWEEE| JENH i
7 BN NBLEE EHE o = 5-820/80 (26) 1070 MFLOPS
i = 5-3800/480(4G) 1470 MFLOPS
AEYRE n 3nm nm 7n+10n
= M-682H-IAP 110 MFLOPS
= M-880/310 72 MFLOPS
BEY n®/3 2m’n m?n/2 30np
= Macintosh G5(8G) 1200 MFLOPS
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#Z17%5] |600Tflops | 100% 600
=175 | 36Gflops 1% 3.6 ¥
#1750 | 36Gflops 10% 0.36 #
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WAETIEENLGN?
12‘ M1=500, N=250,000, ltanium2(1.3GHz) 8CPU, 3GB
TRYSA | EADHE | RIBOFE
10 [@]
— g BGLU4 & 41 sec 40 sec
BGSLV4 (5.9G) (190M)
AHiBESR |BHLU4 & 43 sec 16 sec
BHSLV4 (5.8G) (461M)
P BSLU4 & 10 sec 10 sec
BSSLV4 (5.8G) (500M)
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= DELL PowerEdge 6350@%i K K:
4 * Pentium III (550MHz; 550MFLOPS)

= HITACHI SR8000 1 node@/&#:
8 * PowerPC? (375MHz, 1.5GFLOPS)

= SGI Altix@E R K:
32 * Itanium II (1.3GHz, 5.2GFLOPS)

= NEC SX-6/4B @[R=#f: 4 * ?? (8GFLOPS)
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HTADADTILI) X L
DOk=1,N
B BRI S

DO i = k+1, min(k+m1,N)
DO j = k+1, min(k+2*m1,N)
a(i,j) = a(i,j)-a(i,k)*a(k,j)/alk,k)
END DO

END DO
END DO
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DOk=1,N
B EmERGE
DO i = k+1, min(k+m1,N)
DO j = k+1, min(k+2*m1,N)
a(j_ili) = a(j_ili)_a(k_ili)* /a(olk)
END DO
END DO

END DO
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DOk=1,N
B EmERGE
DO i = k+1, min(k+m1,N)
DO j = k+1, min(k+2*m1,N)
a(j_ili) = a(j_ili)_a(k_ili)* /a(Olk)
END DO
END DO

END DO

2004. 1.16. HPCS 2004




DOk=1,N
BB EMERGE

DO i = k+1, min(k+m1,N)
T=-a(k-i,i)/a(0,k)
DO j = k+1, min(k+2*m1,N)
a(j-i,i) = a@-i,H)+T*
END DO
END DO

END DO
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m1=100/m1=200

RE PE6350 SR8K Altix RS6K
(DELL/PGI) | (HITACHI/mZ) | (SGI/Intel) | (IBM/IBM)
LR ESS 83M 252M 957M 284M
36M 295M 811M -
AhS5— 84M(15%) |  254M(16%) | 1810M(34%) 348M
T A 35M 294M 811M -
1 RTES 82M 251M 316M 280M
A 35M 288M 1130M -
T& W A 82M 256M 1330M | 354M(22%)
35M 290M 1131M -
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* FILTYZ L 1 RTEFI W
k=1,N

o MERLGE
DO j = k+1, min(k+2*m1,N)

END DO
DO i = k+1, min(k+m1,N)

Unrolling: outmost loop k

DOk=1,N,2
kl = k+1
DO i = k1+1, min(k1+m1,N)
DO j = k1+1, min(k1+2*m1,N)
a(j-i,i) = a@-i,i)+T1* +T2*

DO j = k+1, min(k+2*m1,N) END DO
a(j-i,i) = aj-i,i)-a(k-i,i)*W(j)/a(0,k)
END DO ENDE';'; bo
END DO; END DO
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FILT) X L
% ANT—T & 1:RTEFH W EFH Unrolling: middle loop i
Ok=1,N =
HAMBERE Dok=1,N

DO j = k+1, min(k+2*m1,N)

END DO
DO i = k+1, min(k+m1,N)
T= -a(k-i,i)/a(0,k)
DO j = k+1, min(k+2*m1,N)
a(j-i,i) = a@-i,i)+T*
END DO

END DO
END DO
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DO i = k+1, min(k+m1,N), 2
DO j = k+1, min(k+2*m1,N)
a(j-i,i) = a(-i,H+T*
a(j-i-1,i+1) = a(j-i-1,i+1)+U*
END DO
END DO

END DO
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Unrolling: innermost loop |

DOk=1,N
DO i = k+1, min(k+m1,N)

DO j = k+1, min(k+2*m1,N), 2
a(j-i,i) = a(-i,i)+T*
a(j+1-i,i) = a(G+1-i,i)+T*

END DO

END DO
END DO
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m1=100/m1=200

g I FHER2

28247 | PE6350 SR8K Altix RS6K
BGLU4 | (DELL/PGI) | (HITACHI) | (SGI/Intel) (1BM)
EAOEE 110M 484M 553M 388M
58M 590M 547M -
RAHS5— 124M 486M 2030M 486M
T#&ERA 63M 595M 1920M -
1 RTEF 129M | 518M(34%) 576M 420M
M 63M 618M 575M -
T& 145M(26%) 504M | 2730M(52%) | 553M(34%)
69M 617M 2490M -
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Unrolling Summary  *m12n

Unrolling Computation |LOAD |STORE |BRANCH
No Unrolling | 1/ loop 4 2 2

2E%: k 2 / loop 3 1 1

2971 2 / loop 3 2 1

251: j 2 / loop 3 2 1
2E821T: k & i| 4 / loop 2 1 0.5
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(FEFELaVNAASFFEY L ?)

o [FRIDFEFEEE  15-34% of Peak

= 7UO—05 2R 1.1-1.9 2

2% 21TEIRF 1.5-2.1 £
s BRIRMIIZIE  26-52% of Peak
s ATLAS/BLAS 0 LAPACK [ZH-& kLN !
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$ Foa—)vy m1=100/m1=200
PE6350 SR8K Altix SX-6
(DELL/PGI) | (HITACHI) | (SGI/Intel) | (NEC)

RE 82M(1.0)|  256M(1.0)| 1.33G(1.0)|1.68G(1.0)

35M 290M 1.13G -
2EE RS 152M(1.8)|  492M(1.9)| 1.57G(1.1)|2.60G(1.5)
k TE 65M 593M 1.45G -

2B 2fFEEE | 145M(1.7)| 504M(1.9)| 2.70G(2.0)|2.99G(1.7)
k&R 69M 617M 2.49G -
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TALITATIEESHUIRH

= FxAAI)L—F~ DO Parallel
ROPVHETIXZIER; OpenMP THREIL?

= O EDHMEID JL—T ~ DO Parallel
ERHS A WA BRI TILELLED

s O EDHMEID JL—TF A~ DO Parallel Private
AN5—DERABATEE

= F5MAIJL—TF A DO Parallel?
algE

2004. 1.16. HPCS 2004

OpenMP 145 $ OpenMP PE6350 4 threads
_____ 3 il
I$OMP Parallel Do Private(T) m1 100 150 200
DO i = k+1, min(k+m1,N) =
T=-a(k-i,i)/a(0,k) =AA ] 152M 209M 244M
DO j = k+1, min(k+2*m1,N) i BEEFME 299M 381M 384M
a(§-i,i) = a(j-i,i))+T*W(j)
END DO i Private 331M 434M| 423M(19%)
END DO PPGen 310M 417M 407M
$ YR —R gh OpenMP SR8K 8 threads
_____ 3 _
s AVINSI2EBEHAFE: m1l 100 | 150 200 400

A—HIBE D SMP 5t
HITACHI, IBM, Intel
= HITACHI Parallel Program Generator (Z&%
OpenMP TA4LOT47 DiEA
(HITACHI SR8000 Tl&F—14#E?)
ZDANFIEZEZTEEDMN?
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BMEI] | 0.41G| 0.47G|0.71G (14%)| -

i B 1.10G| 1.72G 2.33G -

i Private | 1.21G| 1.85G|2.41G (20%)| 2.6G
PPGen 1.67G| 2.61G|3.58G (29%)| 3.5G

BEhii5liE | 1.93G| 2.55G 3.56G| 3.8G
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SX-6/4B 4 threads

mi | 100 200 300
Serial | 2.99G 2.48G (31%)| 3.11G

i Private | 0.19G 0.17G (0.5%)| -
0.06 times for 4 threads
0.16G (0.5%)| -

PPGen 0.22G
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Performance(Speedup) 1001200
Threads| 1 4 8 16
PE6350 82M | 290M(3.5) - -
145M | 423M(2.9)

SR8K 185M 1.3G(7.0)/1.5G(8.1) -
504M 2.4G(3.9)/3.5G(7.1)

Altix 1.1G| 1.6G(1.4) 1.5G(1.3) | 1.0G(0.9)
2.4G| 4.2G(1.7) 2.9G(1.2) | 1.5G(0.6)
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$ OpenM P Altix 8 threads;zn5— T &/

m1l 100 | 150 200 400

=R 0.08G | 0.12G| 0.14G -
i BB 1.1G| 1.6G|2.0G(6%)| -

iPrivate | 1.2G| 2.1G|2.9G(6%)| 4.8G

PPGen 0.6G| 1.0G|1.5G(3%) 2.9G
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Threads 1 4 8 16

PE6350 | 82M(14%)| 290M(13%) - -
145M(26%)| 423M(19%)

SR8K 185M(12%) - 1.3G(10%) -
504M(33%) 2.4G(20%)

Altix 1.1G(21%)| 1.1G(5%)| 1.6G(3%)| 1.5G(1%)
2.4G(46%)| 2.4G(11%)|4.2G(10%)| 2.9G(3%)
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s RREIXIERBITEWL, F5XMHT !
= Private Clause %12 #)
= PPGen D tgEIZTIUIZE->TELEDL

» f=21=0&DD directive THEBEMR L,
cost-effective ZMS5Z %L,

» SX-6 (Y E T FEHEFLGL

$ OpenMP |2k 5514k
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erformance

£

(speedup) on Altix

Threads

Serial

1

2

4

8

16

m1=400

3.06G
(1.15)

2.60G
(1.00)

4.80G
(1.84)

6.04G
(2.40)

4.87G
(1.84)

2.78G
(1.03)

m1=500
(3.0GB)

No
Memory

0.73G
(1.00)

4.87G
(6.57)

6.77G
(9.17)

5.97G
(8.08)

3.58G
(4.79)
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Size and Number of CPUS scLut Speedups on DELL 4 CPUs
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Size and Number of CPUs scLu Size and Performance of BGLU1

Speed of BALUT on DELL PowerEdge350
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$ Size and Performance of BGLU4
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Machine Methods |m1 |Decomp. |Solve #10

DELL(2.2G) |OpenMP,4 |200 |15s(.47G) | 11s(41M)

SR8000(12G) | OpenMP,8 |400 |38s(2.6G) |9.75(.39G)

SR8000 Auto, 8 400 | 26s(3.8G) | 8.35(.46G)

SR8000 Auto, 8 500 |64s(3.8G) | 13s(.55G)

SX-6(8G)  |Serial, 1 |300 |10s(3.1G)|22s(70M)

Altix(83.2G) |OpenMP,8 500 |41s(5.9G) |40s(.19G)
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OpenMP’s Parallelization MFE &8

» BB directive YU I2IKTET B.

s IFATHOTI=>THIE. cost-effective.
= Tools [(XSEL2TIERHULAY, [F2 5.

o HREILESFHET H2REH?

= Not Scalable — Shared machine.

= Unrolling & Tuning [$KAKELTRHE.
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