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Performance Evaluation of the SX-7 System
Using the HPC Challenge Benchmark

HIROYUKI TAKIZAWA,t1.t2 TATSUNOBU KOKUBO,?
KENRYO KATAUMIM and HIROAKI KOBAYASHI2 11

The HPC challenge benchmark (HPCC) is a benchmark suite developed for comprehensive
performance evaluation of high-performance computing (HPC) systems. HPCC is promising
to appropriately evaluate the effective performance of HPC systems for practical scientific
computing, due to its multilateral evaluation from several viewpoints, such as memory access
and networking performances, along with the floating-point operation rate widely used until
now. In this paper, we report the performance evaluation results of an NEC SX-7 system of
Information Synergy Center, Tohoku University, using the HPCC benchmark. Based on the
results that the system can get excellent scores in 16 of 28 tests in the benchmark, we discuss
the superiority of its vector architecture in the field of HPC.
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2.1 High-Performance Linpack (HPL)
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Y4 X N 123t LT, HPL OFHER®IE O(N3), &
EEERIE O(N?) 1> THINT 5. §4bb N %
KELTHZETRERBPETRBESEICED 5E
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2.2 DGEMM
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£ (Glop/s) Z&HiifikE SN BLUEP IZ& o
THET 5. FHEHEDENICLD, 2 O0HIEEE
PIROLN5.

2.3 STREAM
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2.4 Parallel matrix TRANSpose

(PTRANS)
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5’&';bﬁﬁﬁﬂ%%ﬁ?57nﬁaAf%D
M AEGICEV Ay VY- ORT—- Y BEERFE
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2.5 RandomAccess ,

1 # M2 Read-Modify-Write LB T & % 64 ¥ v T

HPCC {2 X % SX-7 OYEREFE 39

T—=FE, FU5LAE)T 7 AMERE Up-
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2.6 FFTE: A Fast Fourier Transform

Package
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RRET S, FHEAFEOENIZLY, 3 ODRERR
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AFXLTIE, HPCC Ry Fv—27HWVT SX-7 D

NI | -El ectronic Library Service



I nformation Processing Society of Japan (IPSJ)

40 BN PR A

SMP / — FOEXMEEZFFHET 5. SMP / — Fd7:
h 8 5D CPU M NEC SX-6% %, SMP / — Fd7:
D 4HD CPUD Cray X19 L BT AL, 32680
CPU Lk B KE7% SMP WY 2 EHTELT L
M SX-7TDEFD1DTHA. HPCCRYFT—7 T
13 MPIB1E DMERE % 5§ % 720 14§ E D MPI
T ARLERTD, KX TIE SMP / — FOF|
AR LTUTm220%%2, ®AK3I2HEDLOKRHE
1 SMP X E#FIHTE % SX-7 DFI % 5FET 5.
(1) MPI#F|DA
32ABNDTRTH CPUICMPI 70t R% 12
Fo& )BT, MPLIZ& % 32 HFHIEHE+EH
T5.
(2) SMP+MPI 51
BOCPUZ 16 BTO2D2200 7 V— 7
ST, BTNV —=THLTMPI 7€ A% 1
OFoH YK TEH, MPI YUt AEEhHE
MHavA4 51 2E-oTHBEFULSNTEY,
B2 SMP H5l{fb s/ BLAS 74 751
Y7 ENTWE, 2O, £7OtLRid
16 CPU 2 & 5 SMP HAHFILEIZ & ) &h=
BLFETEINS.
HPCC R F=—2 DXL )VIZ
2arRegA4 77 BRI,
e BLAS : NEC MathKeisan 1.3.0
e MPI : NEC MPI/SX 6.7.8
e 1234  NEC C++/SX Rev.0.61
e IUNANF T gy
-Popenmp -Pauto -size_t64 -xint -Caopt

BT+

-O fullmsg -pvctl,fullmsg,vwork=stack
-Orestrict=arg -pi,auto
3.2 HBREEE
KEIL TR B SX-7 DFHfiAER E 4 TIZ HPCC
Tl bOY A MIEGINTED, ThEhD
MEEEHIEE 2> S fthd HPC ¥ A 7 & & OMEREILEASTT
HETH BH*. MPI HH DI 72 HPCC X F
Y =27 DFRET 7 AV hpccinf.txt ¥ F 1 IIRT.
SMP+MPI #F|DFAICIZ Q =2 LEEL, ¥01Mth
3F1 LRSS A—F ZHAVWTETLE.
DUF, SEE COFMAE ROV CHBIZAN
328 HTENLDFERIZIOWVWTEET 5.
3.2.1 HPL
F¥, HPL ®/%F X — ¥ REIZOWTHBNIMRE

SRV AV —F A VT VAT A

W 2004 4 12 AHfE, IBM, Sun, SGI %, 45 DY A5 LD
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#1l HPCC RVFIT—IDINT A—FRE
Table 1 Parameters for the HPCC benchmark.

HPLinpack benchmark input file
Innovative Computing Laboratory, University of Tennessee

HPL.out output file name (if any)

8 device out (6=stdout,7=stderr,file)
1 # of problems sizes (N)

61000 Ns

1 # of NBs

64 NBs

1 PMAP process mapping (O=Row-,1=Column-major)
1 # of process grids (P x Q)

1 Ps

32 Qs

16.0 threshold

1 # of panel fact

()

PFACTs (0O=left, 1=Crout, 2=Right)

1 # of recursive stopping criterium
44 NBMINs (>= 1)
1 # of panels in recursion
3 NDIVs
1 # of recursive panel fact.
2 RFACTs (0=left, 1=Crout, 2=Right)
1 # of broadcast
0 BCASTs (0=1rg,1=1rM,2=2rg,3=2rM,4=Lng,5=LoM)
1 # of lookahead depth
1 DEPTHs (>=0)
2 SWAP (0=bin-exch, 1=long,2=mix)
64 swapping threshold
0 L1 in (O=transposed,l=no-transposed) form
0 U in (O=transposed,l=no-transposed) form
1 Equilibration (O=no,l=yes)
16 memory alignment in double (> 0)
##### This line (mo. 32) is ignored (it serves as a separator). ######
0 Number of additional problem sizes for PTRANS
1200 10000 30000 values of N
2 number of additional blocking sizes for PTRANS
2556 471 values of NB
. >
L7RERZIRNR 5.

LU gD 70y 7% 4 X NB i, HPL IZX 55
MiERICKESLEELEE5ZDEERNTA—ITH
5. 2O NB #/N&LTHILTHETULABOA
WORYD/NEL B I EDPFTE SH, BERK
BEL B DI HRLSILOERE 5. —F, K&
{THZEIWI-TAFMDREYPKREL BT TR
{, 7Ty 7B I — N~y By A L THRES
COERE LS. FHERICLD, RERSZHT TR
NB =64 "B TH A L5 o7z.

Tat AKF (P,Q) 22w TiE, P> 1 OBA,
TFEFIOMARIITEISNSEZ LIZE>TRY PVE
ML/P PEFEL RS, L oT, N7 PVEHES
DMEDORIEOBENHEZ DL E, X7 MRETE
LRV ELTAHDICP=1¢LTTOERR 1R
THEFICREL, 70y 7 2 EMIRICERETAZ &8
Eilw. —F, BERHICEEHTSE P~Q D
P<QOD2RTBFIHETHILHFET LW,
Lo L, REBROBBEE CTIII QAN v FTH
NI/ AT A Lf"%‘ii&i%f%#“f‘“f%%
720, BEOEEBIXIILACHELET, BiEIC
RO BB ORI RIK E V. wabﬁiﬁfu
FIELED SO A<v vy ¥y TP =1 LRELLE.
L7ehSo T, 7= ¥ 58tid NB BFIEDO Q 7ot
ADTOAY I A7) w2 ik,

NDIV 3R Tay 7b$ 5 L EDBRETH
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Table 2 The results on the HPL test.

THop/s
SMP+MPI | 0.2174
MPI 0.2553

5. BEPKEWESIIINS2Esb 7ry 740
b7z, 7av 7{bdF —n~y FeliESHILT
5. —F, BEAVNS W& TOy s 2EL L
BAEOMIEA K E D720, WHEETOMEISE
b5, 12720, PHRERLYfT-o7EZH, 2065
BTO N WNSLHAXDEE, T A—=FI2L5
HELREI P12, ZORORERTIE, BHE 3
Beb UCEMmL 72, FRRIC, REBRRET T3 LU &
BOTNT) XL BCAST, NBMIN & &Hifs
WIFEAEREBLREZ I EPHERICL VS
M o7z,

AREBRTIE, L EOKREERE 5T A THPCC AN
CFR—TDNG A= REFIToR ().

MPI #5118 £ O SMP+MPI 7| O3 B/ N E H
PRPFMLERER2 IIRT. £2 &b, MPI
WH DA ITBERERELL 90.3% D FE VW ERIRNE %
BMTETCNDLI ENTNA. 72, SMP+MPI #51
DOEEIL T6.9%DERMELZERL T AEH, I—F
DEEIBD SN TV VWNR—RTF [ Y EFTIE, I
Y34 5 oA EELOMRE D S ICKE CEET
5. AEBRBETIE, 2034 50HKIZEha—F
D—ERHS SMP EFL 2728, SMP+MPI i
Bl B LT MPL 5D FEBERIFERE -7,
HPCC O 4 MIEGHFIN TV 20 A4 75| #
A=A 12— Y OEMHBERBT D L, SX-7
& SMP+MPI 5| DA T OKK L L THVERZ)
BEMETETVS.

3.2.2 DGEMM

DGEMM OFEFTREBONREZRTHE LR, €D
K2E1E BLAS HOH T —F 2 iZE o TERENT
WAHBZENRHERNIIR /. Thbh, CPU R SMP
J — FRROEEMRIZINZ T, FIFATEEZ BLAS @
SR MAE R ICKE SEET 5.

DGEMM (2 X 23l R 2R 8 IIRT. £ DOLHH
MHEIIZ, 16CPU% 150D SMP /— K& LTEF
fis 2 SMP+MPI #EF| D4, /7 — FEEMEIES L
TEELDODTEVIFME/AZ LB TES. SX-7 T
IE5I232CPUETH#SMP /—FELTIHRO 2 &
MHTEL70, SMP J — FEAERDHEEWEI KD 5
B RFHEARTETE B L IR 2B VW ERN k6 % 1
HCEBLIEWSD ol T, AERM L7z BLAS

HPCC 2 X % SX-7 OMEREEE{H 41

¥ 3 DGEMM (I & % HREsTiAS £
Table 3 The results on the DGEMM test.

Gflop/s
SN EP
SMP+MPI 140.974 140.636
MPI(1) 4.736 8.239
MPI(2) 8.656 8.343

T4 77V SX-T HCmEIRELINTEY, #
FaMEEENTHE 2 B & FEH1Z MPI(1) TR EN72 MPI
WHNE 93.3%, SMP+MPI #5113 99% D IEH 1ZFw
ERNINEEFERL TS,

7275 L, MPI(1) 340 TldaF i SN TORHE D
HFAEP Ly bEwvELE L ->TwAh, JHUEISNICE
W, 1 70t AT DGEMM & %47 - T2 DAt
X, BHOREILR-TEBY), 2OEBELOLET
HREDLIL L T B 96 THD. —F, EP TETN
THO7 At A5 DGEMM OFtE%iT-THEY, AT
VAN E DL Z EPBRELILOEERE 2D, K
FEBRTIE SN OA DL ) HRESH OBV BN 2R
2% o7z,

FHD =~y RE/NE LT 57-DICFPRFLD
Frvrhk L DECERT 5/57 X —% SUSPEND-
COUNT % 10000 ZZEEL/-&FERE%, £3 F0
MPI(2) 127”7, % 3 125 T, MPI(1) iZ MPIS-
USPEND % OFF ZL7: & 30#HETH Y, HPCC
DF A4 M INLOERNBHFIN TS, £/,
MPI(2) & SUSPENDCOUNT #% 10000 {23 % L T
FHAL 2282 TH Y, MPI@EED/85 A — 7 %)
WHRETAZ Lo TEBIIHREENS M ET A Z &Y
oIk o7,

3.2.3 STREAM

STREAM @ 2 — F{ZiZ OpenMP (2 & B #/RATHT
EINTVAERD, T3, (2L 5 HE) SMP {5
LB CHERES 5. F 72, ARV 845 T
i, BT MRS ERITFETH 5 7.

STREAM (2 & % #¥ffi /7 SN TOFHHifk R e+ 4
WZRT. F 72, FHEiAEE EP TOFERELRS UK
3.~ N7 MVO—FAMNT2Zy NEET
BRY MURIZA—/33 0 ¥ a— 835w AT HEE
REBAEETH L. 2512, SMP+MPI 5054
1213 SX-7 ® SMP £ H 5] % e KBRIZTED L 72/ R
Lo THY, MPLIESI & HEIL THIEFEIZE X
EYT 7L AMREFERAL TS,

Z D STREAM 128\ Td, MPIBED/ST A —
Y RMRET LI LI L o TRIER MM E2E SN 5.
£4 BLU5 P MPI(2) 13, DGEMM Ok & L[
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4 STREAM 2 X 28l HE SN TOHREME R
Table 4 The results on the SN STREAM test.

GB/s
Copy Scale Add Triad
SMP+MPI | 537.486 | 379.734 | 437.240 | 556.609
MPI(1) 26.452 26.191 28.852 26.008
MPI(2) 35.104 35.037 35.359 35.359

& 5 STREAM IC & 23l ik EP CTOMREFMiAEE
Table 5 The results on the EP STREAM test.

GB/s
Copy Scale Add Triad
SMP+MPI 389.791 348.593 428.084 | 492.161
MPI(1) 26.456 26.129 28.831 26.154
MPI(2) 26.441 | 26.117 | 28.884 | 26.336

1node-8processes

B 1 PTRANS TO7— ¥ E%EFIH
Fig.1 The data transfer scheme for the PTRANS test.

¥I2/¥F A —% SUSPENDCOUNT % 10000 (Z7%5E
LIcHADRRTHA. R4 DLOGhAEBY, BE
INT A =5 DEPRFEICLY, EHAE)HHIESE
4 31.2% M LB EDUEETH 7.

3.2.4 PTRANS

PTRANS O EfTHBHMONREAET 2 L,
MPI_Send() & MPIRecv() 245 1xf 1 BEIC%
COBFMAERL SN TS, PTRANS Ti, ®1 i
ARYFIET 1M 1 BEZHVET I LETENEBERE
2TV, fTHIOEmEXEBR L TWwE, ZORIE8 71
L ADFBEDFETH ), F—¥EZEBIERDLI I
%A, TT, 70 AE (BFDO7027 —1) OF
YO ERFEOTOEANLKE ST, T VT HBRAITH
D LIEECTEEHF RS TS, HICREAREG
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fbse3,
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# 6 PTRANS (2 & 5 MBeaFAhks 5
Table 6 The results on the PTRANS test.

GB/s
SMP+MPI | 16.340
MPI 20.546

®7 NB O PTRANS ~0#
Table 7 The effects of NB on the PTRANS performance.

bank(sec) | NB

GB/s | comm.(sec)

7.423 0.024 0.0062 90
7.871 0.023 0.0066 100
7.035 0.026 0.0111 104
8.543 0.022 0.0064 105

7.091 0.026 0.0112 106
6.496 0.029 0.0118 110
6.424 0.029 0.0119 120
5.972 0.031 0.0131 200

% 8 RandomAccess |2 & 5 MERE2EkS R
Table 8 The results on the RandomAccess test.

GUP/s
SN EP G
SMP+MPI | 0.23450 | 0.23262 | 0.000178
MPI 0.06094 0.20800 0.000964

TfEibh, 2OF A XTOXE) V- FKETS,
F72, BEUNOMETIE NB DEIZNT PLVEE
%oTBY, TOMEICL>TV—FDAMNF AL FHZE
LTV I BEVRET L, |72, MEY A X%
N = 10000 IZEZEL, 7ot x$%4 & LT NB %
LS THER BN OMRE % 5 -l L 7R E R T
CORERNIS, BERBEBIUONY Z7EHAREL I
NB IZHIFL T Z 3905, Ny I78EEvHz
L5701 NB2HHETHIEBEZLONLDY, %
DEEITBEEHREMET T 5704 F L b B
Redmnoihor.

3.2.5 RandomAccess

RandomAccess (2 & 5 3FfifE R+ R 8 IZ/R"T. &F
fli5: SN & EP D4, RandomAccess £/ — F
DAENVNDT Y TLT 7 AWML T 5.
323 HTORRALBY), —fMIINRT FIVEIX —~
NRAVE2—FEEVAE)HERBIELZETH720, &
WEMEAEIR T & A, IR SR SOk vy Y OBEE
WIEF vy v a I AROEBENSEEICHNLL 2O, K
WEHIiIC 22 A Z ERFRENS, FMELHE G O%EE
i, by M= SROBAEMREIFmING. o
DFHEHTIE, / — FEPFREVARELR AT LDk
PEFTHA.

3.2.6 FFTE

FFTE |2 X 25HlEifE R %% 9 I278¥. FFTE Tl
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#£ 9 FFTE (& & 5 MhaEF SR
Table 9 The results on the FFTE test.

Gflop/s
SN EP G
SMP+MP1 1.9084 1.5698 1.337
MPI 0.4244 0.6808 11.288

£ 10 IR O AL AT
Table 10 The results on the communication bandwidth
test.

Bandwith [GB/s]
P.Min. | P.Ave. | P.Max. | R.Ring | N.Ring
sMP+MPI | 10.9 10.9 10.9 8.1 8.1
MPI 3.1 3.3 10.4 5.0 5.2

*® 11 EABEOMRERFAS R
Table 11 The results on the latency test.

Latency [usec]

P.Min. P.Ave. P.Max. | R.Ring | N.Ring
SMP+MPI 3.6 3.6 3.7 4.9 4.9
MPI 3.9 7.1 9.7 14.2 14.4

-
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7z. HPCC ¥4 MIBHFIN TV A HPC ¥ A7
LZDOWTH, FAFROBRATRVEFMiE 2oTwa L
ZzibNh5b,

3.2.7 Communication Bandwidth and

Latency
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Fig.2 The rader chart of the overall results.
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