(B)(1)

Omni OpenMP Compiler
http://phase.hpcc.jp/Omni/

CG

BIiCG Gamma = 2.5

i ——t

"‘.'\.

BICGSTAB Gamma = 2.5




GPBICG Gamma = 2.5

Double with ILU vs Quadruple

Double

with ILU Quad. ratio
g (SVL\‘/'; ) 0.268+10" 0.602 224
i i ™
; b ‘“#"-:-._'_h__ I VPP500
= -:.-\-q. -_,-\.-.."'"al i ( Vector)
E/\',)e';gg?. 0.341#10" 6.63 194
(VVPEF;?‘)?(; 0.367%10°2 0.378+10 10.2
(SSRSS()’O 0.287*102 0.540*10 18
MP5800
0.796*102 0.171*10 2.1
—TWEmTame)
53 bit for 1.3 . Quadruple
100 bit for 1.7
200 bit for 2.1 3
200 bit for 2.5 :
@ 4. Bi-CG
Gamma = 2.5 BIiCG 200 bit 190 itr.
CGS 300 bit 160 itr.
BiCGSTAB 1500 bit 210
itr.

GPBICG 300 bit 310 itr.

o Multiple Precision Package (GNU MP)
Omni OpenMP Compiler
BNCpack with MPI

Symbolic Computing(Computer
Algebra)

o Interval Arithmetic

Double Floating-Point Operations




OpenMP

i-ml j i+ml

Fill-in

® ¢

7 BiCG

n2

3nm nm 7n+10n

n3/3

2m2n m2n/2 30np

#DELL PowerEdge 6350@
4 * Pentium 111 (550MHz; 550MFLOPS)

#HITACHI SR8000 1 node@

8 * PowerPC? (375MHz, 1.5GFLOPS)
#SGI Altix@

32 * Itanium Il (1.3GHz, 5.2GFLOPS)

#NEC SX-6/4B @ : 4 * 7?7 (8GFLOPS

, N=250,000, Itanium2(1.3GHz) 8CPU, 3GB

10
BGLU4 & 41 sec 40 sec
BGSLV4 (5.96) (190M)
BHLU4 & 43 sec 16 sec
BHSLV4 (5.8G6) (461M)
BSLU4 & 10 sec 10 sec
BSSLV4 (5.8G) (500M)

DOk=1,N

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

END DO

/a(0,k)




-1 m1=100/m1=200

PE6350 SR8K Altix RS6K &
(DELL/PGI) | (HITACHI/ )| (SGI/Intel) | (IBM/IBM) @
83M 252M 957M 284M
36M 295M 811M -
8AM(15%) |  254M(16%) | 1810M(34%) 348M L 15-34% of Peak
35M 294M 811M - @ 1.1-1.9
82M 251M 316M 280M 1.5-2.1
35M 288M 1130M = ’ ’
82M 256M 1330M | 354M(229%) & 26-52% of Peak
35 290M 1131M . #ATLAS/BLAS  LAPACK
Unrolling Summary  *mazn OpenMP
Unrolling Computation |LOAD |STORE |BRANCH
No Unrolling | 1/ loop 4 2 2
2 1k 2 / loop 3 1 1
2 i 2 / loop 3 2 1
2 1] 2/ loop 3 2 1
2 2 :k&i| 4/loop 2 1 0.5
m1=100/m1=200 OpenMP
PE6350 SR8K Altix SX-6 ISOMP Parallel Do Private(T)
(DELL/PGI) | (HITACHI) | (SGl/Intel) | (NEC) DO i = k+1, min(k+m1,N)
82M(1.0) 256M(1.0)| 1.33G(1.0) | 1.68G(1.0) T= —a(k—i,i)/a(O,k)
35M 290M 1.136 - : .
DO j = k+1, min(k+2*m1,N)
152M(1.8) |  492M(1.9)| 1.57G(1.1) | 2.60G(1.5) L !
k 65M 593M 1.45G - a(j-i,i) = a(j-i,i)+T*W()
END DO
145M(1.7)|  504M(1.9)| 2.70G(2.0) | 2.99G(1.7)
ko 69M 617M 2.49G - END DO




Performance(Speedup) 100200

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) 2.9G6(1.2) | 1.5G(0.6)

OpenMP’s Parallelization

#0OpenMP

& directive .
& cost-effective.
#Tools

& 2

#Not Scalable — Shared machine.
#Unrolling  Tuning

Performance(speedup) on Altix

Threads | Serial 1 2 4 8 16

Information to use

m1=400|3.06G | 2.60G |4.80G |6.04G|4.87G |2.78G
(1.15) | (1.00) | (1.84)|(2.40)| (1.84) |(1.03)

m1=500| no |0.73G |4.87G|6.77G|5.97G |3.58G
(3.0GB) |Memory | (1.00) |(6.57)(9.17)| (8.08) | (4.79)

Machine Methods |m1 |Decomp. |Solve #10
DELL(2.2G) |OpenMP,4 |200 |15s(.47G) |11s(41M)
SR8000(12G) | OpenMP,8 | 400 |38s(2.6G) |9.7s(.39G)
SR8000 Auto, 8 400 |26s(3.8G) |8.3s(.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)

Size and Number of CPUS scLu2

CG
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CG
ol1]2|4]8 16|32 64 <7 o o R
ro=b— Axy rii=b — Yy
BiCG 46 | 52 | 47 | 54 | 71 | 89 |116 |140 pim 1o, Fo= ’
b 278|250 | 212 |182 Bkl
Pb 358|329 |290 | 246 |210 |198 #T <p,c,im>}<p';ﬁrpm j: i@k,AI;k)}
(1,0 ...) 238|332 296 246 208 |200 e e,
(1,1..) |230|330 |294 |242 |208 |194 et
[1b]] 398|382 |332 | 276 |236 | 216 |238 e
500|496 [410 [324 252 [242 [268 |318 P T B W ey

5 [wwcp ek

BiCG

FHAIAT Bl ag, &0 BAE
ro=b— Awxg; #o=0b— ATxg
Po="o; Po= o
for k=0,1,..-
T, )
(AP Pr)
Tpy1 = Bp + P
Pip1 =T — opApy; Tap =T — o AT,
Q7 e

= @oa Fog)
By =

g1 =Trp1 +Ouelris Py = Trp1 + Bubr
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CG

A
BEORES 5587
( AL AT A AT ><z>72<b> AT(Lpuy-T x v
~(A-AT) ~(A+ A7) J\w ) "N b (LD~ A v |\ (LDU) b
(LDU)"1A ¥\ (LDU)"
AT(L.DU)"T ® j o
BRHOAEIC S B THE a0 el (REEED
offF) 1 2 4 8 16 32 64
BIiCG 46 52 47 54 71 89 116 140
(L,0,...,00T | 280 331 205 246 204 202 242 260
AL 500 500 448 358 319 300 352 374
M CG




