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1) 2) :
3) 4 5)
HPC (High Performance Computing) HPC
DARPA (Defense Advanced Research Projects Agency) HPCS
(High-Productivity Computing Systems) [1] Tennessee J.
Dongarra 2003 11 SC2003(2003  Supercomputing Conference)
HPC (BM) [2] Linpack HPC
Top500 Linpack(HPL) 7 BM
BM
NEC
HPC SX-7 28
16 HPC
HPC
HPC Web
http://icl.cs.utk.edu/hpcc/index.html
Web HPC 7 BM

(G: Global system performance)
(SN: Single Environment) (EP:
Embarrassingly Parallel) 3 3 CPU



SMP MPI

3
(G)
2
1
(SN)
(EP)
HPCC
HPL LU
Linpack MPI
Netlib  HPL
Tflop/s Tera floating-point operations
per second: 10 12
1 (G)
DGEMM AB C=AB
DGEMM  Netlib  BLAS(Basic Linear Algebra Subprograms)
1 LU Linpack
DGEMM BM

Gflop/s Giga floating point operations per second:

10 9 2
(SN) (EP)
STREAM
(Copy) (Scale) (Add) (Triad) 4
J. D. McCalpin STREAM

memory bandwidth benchmark
GB/s Giga Bytes per second:
10 9 8 (SN)
(EP) 4



PTRANS A=A+B"
PTRANS (Parallel matrix TRANSpose)
Netlib PARKBENCH (PARallel Kernels and BENCHmarks)

GBIs 1 (G)

RandomAccess

DARPA HPCS Discrete Math Benchmarks

MPI
Gup/s
Giga updates per second: 10 9
3 (SN) (EP)
(G)
FFTE
FFTE FFT
FFT
Gflop/s
3 (SN) (EP)
(G)

Communication bandwidth and latency
HLRS( High Performance Computing Center in Stuttgart)
b_eff (effective bandwidth benchmark)
T ,
Start-up_Time ( BW: Bandwidth)
T=Start-up_Time + (Data Size)/BW

(Data Size) T

:latency MB

Ping-Pong, Ring(Naturally



ordered, Randomly ordered)

GBI/s
2004 12
3 10
HPC 2
2004 12 49 45
4
BLAS MPI HPC
2
HPCC
2004 12
HPCC

http://icl.cs.utk.edu/hpcc/software/index.html

03 2003 11 5

5 0.6ax 2004 5 31 2
FFTE 2004 12 7
083 2004 10 19 0.6x
HPC C make( )

HPC
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hpccinf.txt

1 HPLinpack benchmark input file
2 Innovative Computing Laboratory, University of Tennessee
3 HPL.out output file name (if any)
4 8 device out (6=stdout,7=stderr,file)
5 1 # of problems sizes (N)
6 30000 Ns
7 1 # of NBs
8 64 NBs
9 1 PMAP process mapping (0=Row-,1=Column-major)
10 1 # of process grids (P x Q)
11 1 Ps
12 32 Qs
13 16.0 threshold
14 1 # of panel fact
15 2 PFACTs (O=left, 1=Crout, 2=Right)
16 1 # of recursive stopping criterium
17 44 NBMINs (>= 1)
18 1 # of panels in recursion
19 3 NDIVs
20 1 # of recursive panel fact.
21 2 RFACTs (O=left, 1=Crout, 2=Right)
22 1 # of broadcast
23 0 BCASTs (0=1rg,1=1rM,2=2rg,3=2rM,4=Lng,5=LnM)
24 1 # of lookahead depth
25 1 DEPTHs (>=0)
26 2 SWAP (0=bin-exch,1=long,2=mix)
27 64 swapping threshold
28 0 L1 in (O=transposed,l=no-transposed) form
29 0 U in (O=transposed,l=no-transposed) form
30 1 Equilibration (0=no,l=yes)
31 16 memory alignment in double (> 0)
32 ###H# This line (no. 32) is ignored (it serves as a separator). #iH
33 0 Number of additional problem sizes for PTRANS
34 1200 10000 30000 values of N
35 2 number of additional blocking sizes for PTRANS
36 134 471 values of NB
1 31 HPL 33 36 PTRANS
HPL
SX-7 1
CPU 2 32CPU
CPU 1CPU  1MPI
MPI 32CPU SX-7
32CPU 2 16CPU MPI
1 MPI 16CPU SMP

5



HPC

MPI 2
SMP MPI
HPL
- SMP
HPL MPI SMP
BLAS SMP HPL SMP MPI
SMP
MPI
- ( )
SX-7 MPI
90.3% SMP MPI 76.9%
SGI Altix 67.7%
HPC
HPL
HPL (
) 1 N=30,000
Right Looking NB=64 P=1 Q=32
HPL
MPI 32
1 HPL
HPL  (Target portion for measurement)
94.3 (sec)
HPL_dgemm HPL _bcast_1ring HPL_dtrsm HPL_pdupdateTT
calculation communication calculation calculation
71.8 19.9 1.6 0.9
HPL_dgemm
BLAS DGEMM
DGEMM 97% HPL_bcast_1ring
MPI  SEND RECV HPL
2 LU
N 3 N 2 N
DGEMM HPL 90%



NB, P, Q, NBMIN  HPL
NB=64, NBMIN=64

N=20,000 2 P Q
P Q MPI
TV HPL HPL LU 3 (Left looking,
Crout, Right looking) Right Looking(
) 2 TV R NBMIN
2 (R, Q) HPL
T/V N NB P Q Time Gflop/s
W10R3R64 20000 64 1 24 33.80 1.578e+02(82.1%)
W10R3R64 20000 64 2 12 3391 1.573e+02(81.9%)
W10R3R64 20000 64 3 8 35.37 1.508e+02(78.5%)
W10R3R64 20000 64 3 6 46.73 1.141e+02(79.2%)
W10R3R64 20000 64 4 4 51.79 1.030e+02(81.1%)
W10R3R64 20000 64 6 3 48.70 1.095e+02(76.0%)
W10R3R64 20000 64 8 2 55.01 9.696e+01(67.3%)
W10R3R64 20000 64 12 1 78.96 6.756e+01(70.3%)
pP=1 P=1
N=10,000 48 (P=1, Q=48)
NBMIN NB 3 SX-6 6
NBMIN NBMIN=32 44 64 144 NB

NB=64 128 256 1



NBMIN=32

NBMIN=64 144

3 (NBMIN, NB) HPL
T/V(Change:NBMIN) N NB P Q Time Gflop/s
WC10R3R32 10000 63 1 48 3.16 2.11E+02
WC10R3R44 10000 63 1 48 3.13 2.13E+02
WC10R3R64 10000 63 1 48 3.14 2.12E+02
WC10R3R144 10000 63 1 48 3.75 1.78E+02
WC10R3R32 10000 64 1 48 3.14 2.12E+02
WC10R3R44 10000 64 1 48 3.12 2.14E+02
WC10R3R64 10000 64 1 48 31 2.15E+02
WC10R3R144 10000 64 1 48 3.08 2.17E+02
WC10R3R32 10000 65 1 48 3.22 2.07E+02
WC10R3R44 10000 65 1 48 3.37 1.98E+02
WC10R3R64 10000 65 1 48 3.18 2.10E+02
WC10R3R144 10000 65 1 48 3.16 2.11E+02
WC10R3R32 10000 127 1 48 3.86 1.73E+02
WC10R3R44 10000 127 1 48 3.89 1.72E+02
WC10R3R64 10000 127 1 48 4,06 1.64E+02
WC10R3R144 10000 127 1 48 4.2 1.59E+02
WC10R3R32 10000 128 1 48 3.91 1.71E+02
WC10R3R44 10000 128 1 48 3.61 1.85E+02
WC10R3R64 10000 128 1 48 3.98 1.67E+02
WC10R3R144 10000 128 1 48 417 1.60E+02
WC10R3R32 10000 129 1 48 4.06 1.64E+02
WC10R3R44 10000 129 1 48 4.04 1.65E+02
WC10R3R64 10000 129 1 48 416 1.60E+02
WC10R3R144 10000 129 1 48 4.28 1.56E+02
WC10R3R32 10000 255 1 48 5.97 1.12E+02
WC10R3R44 10000 255 1 48 6.05 1.10E+02
WC10R3R64 10000 255 1 48 6.16 1.08E+02
WC10R3R144 10000 255 1 48 6.55 1.02E+02
WC10R3R32 10000 256 1 48 5.92 1.13E+02
WC10R3R44 10000 256 1 48 6.22 1.07E+02
WC10R3R64 10000 256 1 48 6.19 1.08E+02
WC10R3R144 10000 256 1 48 6.5 1.03E+02
WC10R3R32 10000 257 1 48 6.13 1.09E+02
WC10R3R44 10000 257 1 48 6.13 1.09E+02
WC10R3R64 10000 257 1 48 6.14 1.09E+02
WC10R3R144 10000 257 1 48 6.56 1.02E+02
NBMIN
NB
HPL
44 NB=64
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HPCC EP STREAM triad

ICimie

600

400

& 300

200

100

X Aeid

X Ae1d

X Ae1d

X Re1d

X Aeid

X fe1d

X fe1d

X K21

X Ae1d
+9-XS

X fe1d
9-XS

9-XS

9-XS

9-XS
(dWS9T/IdWZ)L-XS
(Idwze)L-xs
X Ae1d

| dS 0009/sd

Iamod

| oose ubuo 195
| svOs seniaseydiy
1| 069d Wal

3¢l Keid

| 3eLfer0
008g wbuo
1 oo6g ubuo
1 svos bedwod
| ov-0s senieseydy

1ax Aesd

| xmv 198
1 o69d wal
| xmv 198
| svos aH
1 xmv 198
1 v 108
0009xz Abaiu|
| xmv 198
1 o69d wal
| s@snio-dis 0089/1sTUNS

J1338N|D 00ZX2 dlveuUld

| 1e1sn}2 1589NbUOD
00L€ XY

sg5od Wl
559d Wl
sg9d Wl

1 00L& XV

Jaasnjd 0S8T 113

1 uosaxdo

EP_STREAM_triad

PTRANS

N

PTRANS

HPL

PTRANS

(sendrecv)

MPI

PTRANS

(

N=90,000 NB=471 P=1 Q=32

6 PTRANS

ptr_trans (Target portion for measurement)

(sec)
dtr2b

0.651

dtr2mx

intrans-4

0.066

sendrecv

0.541

0.038

0.006

intrans-1,2

0.000

1)

+1)
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V4 1node 8processes
ENPRS
5
PTRANS
BM N=10,000
NB (Performance)
(transmission) (bank)
7 PTRANS

N Performance transmission bank Number of

(GB/s) (sec) (sec) processes

10000 7.423 0.024 0.0062  4(NB=90)

10000 7.871 0.023 0.0066  4(NB=100)

10000 7.035 0.026 00111 4(NB=104)

10000 8.543 0.022 0.0064  4(NB=105)

10000 11.231 0.014 0.0011  8(NB=105)

10000 7.091 0.026 0.0112  4(NB=106)

10000 6.496 0.029 0.0118 4(NB=110)

10000 6.424 0.029 0.0119 4(NB=120)

10000 5.972 0.031 0.0131  4(NB=200)

13



17%

NB P Q 8
RESID 0.00
8 PTRANS

TIME M N MB NB P Q TIME CHECK GB/s RESID
WALL 45000 45000 150 150 1 8 094 PASSED 17.266  0.00
WALL 45,000 45,000 187 187 1 8 0.84 PASSED 19.237 0.00
WALL 45,000 45000 241 241 1 8 116 PASSED 13.952 0.00
WALL 45,000 45000 255 255 1 8 0.82 PASSED 19.828 0.00
WALL 45,000 45000 255 255 2 4 415 PASSED 3.901 0.00
WALL 45,000 45000 471 471 1 8 0.93 PASSED 17.356 0.00
WALL 45000 45000 105 105 1 16 109 PASSED 14889  0.00
WALL 45,000 45,000 143 143 1 16 1.05 PASSED 15.427 0.00
WALL 40,000 40000 147 147 1 16 089 PASSED 14336  0.00
WALL 45,000 45,000 150 150 1 16 1.01 PASSED 15.991 0.00
WALL 45,000 45,000 187 187 1 16 145 PASSED 11.166 0.00
WALL 45000 45000 200 200 1 16 115 PASSED 14050  0.00
WALL 45,000 45000 241 241 1 16 1.01 PASSED 15.992 0.00
WALL 45,000 45000 255 255 1 16 113 PASSED 14.386 0.00
WALL 45,000 45,000 300 300 1 16 1.21 PASSED 13.437 0.00
WALL 45,000 45000 450 450 1 16 112 PASSED 14.491 0.00
WALL 45,000 45000 471 471 1 16 0.93 PASSED 17.353 0.00
WALL 45000 45000 150 150 1 32 076 PASSED 21208  0.00
WALL 45,000 45,000 187 187 1 32 0.81 PASSED 19.944 0.00
WALL 45,000 45000 241 241 1 32 0.71 PASSED 22.757 0.00
WALL 45,000 45000 255 255 1 32 0.77 PASSED 20.995 0.00
WALL 45,000 45,000 471 471 1 32 0.66 PASSED 24.569 0.00

8 NB NB

PTRANS
NB NB
NB
NB

14
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Communication bandwidth and latency
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1)Linpack

BM

HPC

Linpack

DGEMM FFT

CRAY X1

HPC
IBM Power5 SGI Altix

2)

DKRzZ

HLRS

SX

HPC

3)

(Linpack

J. Dongarra

DoD/DARPA

HPC

STREAM

) MccCalpin
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1
SX-7 SMP SX-7
32CPU HPL 49 39
FFT 1
—&— NEC SX-7
HPCC_BM —=— NEC SX-6
A Cray X1
HPL Altix3700
GlobalFFT 100%-A PTRANS =¥ eServer pSeries 655
EmbarrissinglyParallelFFT SingleNodeSTREAMCopy —&— Cray XD1
—+— Opteron/QsNet Linux Cluster

SingleNodeSTREAMScale

SingleNodeSTREAMAdd

SingleNodeSTREAMTriad
EmbarrissinglyParallelSTREAMCopy

EmbarrissinglyParallelSTREAMScale

\
MaxPingPongBandwidth ¢ > /SingIeNodeRandomAccess
N

N 3 .
AvgPingPongLatency s EmbarrissinglyParallelRandomAccess
-

NaturalRingLatency
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2)

Top500 Linpack HPC
Top500
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3)

HPC
HPC SX-7
HPC SX-7 28
16
SX-7  SMP 32 HPC

SX-7 HPC
[3] J. Dongarra
” We are impressed with the continuing high performance of the SX family of
processors. The SX-7 lives up to the expectations.”

SX 8 (240CPU) 2.1Tflop/s
24 85 CPU 2003 2004
6 90 11 95 70 80
[4][5][6]
HPC
HPC
COTS (Commercial Off-the-Shelf, )
PC Grid HPC
2004 6 HPC [7]

Top500 296

2004 11 SC2004
, CRAY-X1 SGI Altix, IBM Power3/4
Lawrence Berkeley National
Laboratory 3
(8l
HPC
11

3 1 6600 DOE( )

HECS(High-End Computing Systems) [9]
IBM BlueGene/L 2004 11 top500 1

HECS/HPCS
HECS/HPCS
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