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Performance Tuning and Evaluation of Sparse matrix-vector multiplication on
the K computer
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In products of sparse matrix and vectors, which are often seen in application programs such
as structural analysis code using finite element methods, the higher ratio of memory
bandwidth and floating-point rate (B/Flop) is required by the program. A scalar machine is
difficult to obtain high performance in a CPU due to its low ratio of B/Flop.

We are developing the K computer as a 10 Peta scale super computer and have to
demonstrate its performance by using real applications. Application programs Seism3D and
FrontFlow/blue, which have products of sparse matrix and vectors as kernels in the
programs, are suitable to show how to obtain higher performance by tuning them to the K
computer. In this paper, techniques on how to estimate performance of the codes and to

tune them are presented. Results on performance evaluation of tuning versions are also
described.
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IEEH L7220, A F T & [N 2 F
L Zk B/F i & PERE FHME 2 R D 7=
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R4 BHABERBRIHEOHR

3R B/F B 252/175 = 1.44
TEHE T AIE 0.36/1.44 = 0.25
EAE 17.4%

F 4 x2RLETRANELY HFERENRIENZ &
D,

57 BCHRREESHEDFL—=VY

5.7 iR AE=ZF, b 54 LIkrEm Lo RiAA
NIRRT o —= v 7 EEBRE U, 3R EH
T—HERETDE, FHHLEZATY N RigOH
ERERIL 35GB/sec FRETH Y, 3.3FH D&KM%
72 L CWRWZ EnSmoiz, £127) 72 v F
OWRWMERDEN—FRT =T 7V 7y FNEER
I TWARWER o T2, F 2 TN D00l
Y& @Ee LESI O EZW LT HTA MU — 208K
EROL, N—RU =7V T2 FONREED
72, ZOF 2—=r T80 EATHEREN 17.4% 05
21.8% F Tl L LMERETHNEIZITS < & & Hia. A
£ U N NIBE S FEE : 46GB/RICITY 42.4GB/
EERoiz.

5.8 Seism3D DEFEDFa1—=J R

ZZET 5.1 IR LB S @~ @Iz oWn
TiHEMm L CE. ZhUAoFFEHRS@~®OIzo
WTHREEEDIME Fa—=2 V5 E LT, ER
ERBICELDD. 2RITBEEZED A —I
BEZ /R L TRV 10.3%5 5 15.3%2MEfRER E LT
WA, Ay - BREICOOWTIR®BEEZ SO RN
CPU HURMEREZ R L TRV, (T b rEagm L3
Hib.

%5 Seism3D EEDF1—=VIHER

FTUTFIL Fa—=v4

BERE () peak Lt | BFRE (7)) peak tb
E7N 75.5 10. 3% 52.9 15. 3%
s AR 13.0 10. 4% 9.2 14. 7%
EE TR 13.4 10. 1% 1.1 17.7%
Inwaliciinlivay 12.8 17.0% 11.5 21.8%
G NBREESER 12.5 7. 6% 10.3 10. 2%
EEBREES 9.7 7. 5% 3.0 | 23.0%
REBEEIER 7.9 15. 3% 6.9 17.5%

6. FFBODAh—RIFa—=24

FFB = — R, AREREZ BV iiEiEO 7
v77 LTHD. AREREICTEEME~ Y 2
AEERT D5 A TOFAE L BIEMBR~ Y 7 2
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FRERETICEBZAIE~ Y 7 2OHTHEZE
WHTZL AL R s LAV MNERDHDH. Ao
— R, 3= 3 BN F O Y TG
LTWB D, AR Cilamd DBITHI & ~XZ MV OFE

X, BIEO Y NAANRTHEASNDHEI -V THD.

DLTFTI, 2O —FNVDF 2 —=1 71O Tik
~5.

HEH—RILOERET A
H—FNDa—T5 47 %K 6 IZRT.

6.1

ICRS=0
DO 110 IP=1,NP
BUF=0. OEO
DO 100 K=1, NPP(IP)
ICRS=ICRS+1
1P2=IPCRS (ICRS)
BUF=BUF+A (ICRS) xS (IP2)
CONTINUE
AS (IP)=AS (IP) +BUF
110 CONTUINE

100

X 6 FrontFlow/Blue a— F®h—=JL

AR THWZ BT U, B SE E 2 27 D
6 HEEFRL, 2404 HEERTHD. I—X
JATBITS &R PV OFETH D 2.2H Dtk Tk
RN R E R > TWA . ATHITF — 2 DI
KT —#%M97 CSR (Compressed Sparse Row)
BREZHNTWS, Z0a—F 4 77 FLR
VART 7 EBALRSTWATD, X7 MLVEED
SHTAETVIIT 78 ATIHEAIE, ATV T
ADVATUYRRETLEE, 1T 142128 8
APMNOIBL1IBERLMEALARNFIZL D KE
NPT A BREAETDHZ LR, FHLVEREIRT
NTHEND., X7 MVOEZENRL2 ¥ v =2ll
FrFy v allhomBAICONTYH, AEUT
TR ARRIITIE T LW, L2 v v =ilx L
TREBROTF T o BFREL, e OMREIR T2
TIN5, & LEEIZHANWSENZ MLOES N
Ll ¥ v vallEoTWE, LATUIBLIW
TA T T BRCKT DT AVT 2130 DTz
W, XJT MLDAFY ~DT I BRAXFILT 4 4
<ML TRV, Z20gEO®ETHMMEIE, 2k
byte I% 2 FFH X 4byte T 8 L7210, flop DfEIL 2
ThH-OERB/FEIT4 & 7%, %) B/FE0.36
Zfd 5 L FHIMEREIL, 0.836/4=0.09 & 72V 9% L 7
5.

62 HEH—RILOERBERETM

FVPFNa—ROH—F ALy RIEFISh
TV 1 a7 THlELE. MEMEEE 6
IR, BiEIX 1 =27 O v — 2 e 16GFLOPS 12
ST HE— 7 MREHTH D, AT NV RiEZ 1 2
T THAET 554D STREAM R F<— 7 OF5 R
X 20GB/MTH 5. o THFHAAR BF fHiX
20GB/16GFLOP T 1.25 &72%. Tk B/F fHi% 4
THDHDOT, THRIPERE(EIT 1.25/4=0.31 T 31% & 72
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. ZOTFPHMEICK LTE 6 OEIFEFELI /SN
EZz b5, FIKIL, 6.1 #ich_ 7=~y v T o
BADRKE /2T NVT L ITINZ T, ANAL—7 D
N E 22T ThHZ LICRET AR mS
A a— ) ThDHEHNENS.

H6 HEHI—RINDOAEHR( a7)
6 A (peak k) 4 T 1A (peak k)
F)TFIL 5.9% 2. 4%

63 FZLTPUA—ILIZKBDT—4#MTBE

D. Guo HiZXiif CSR X & ¥LE L7 S-CSR
(Streamed Compressed Sparse Row) J7=247%1
O IEE BT T 5 F TN LT 2 FER®E
ENTN5[8]. S-CSR-2 FRAHHALIHA D=
—7 4 R TIRT.

ICRS=0
DO 110 IP=1,NP,2
TBUF1=0. OEO
TBUF2=0. OEO
L=NPP (IP)
DO 100 K=1,L
ICRS=ICRS+1
TBUF1=TBUF1+A (ICRS )8 (IPCRS (ICRS) )
TBUF2=TBUF2+A (ICRS+L) *S (IPCRS (ICRS) +L)
CONTINUE
ICRS=ICRS+ (1+L)
AS(IP )=AS(IP )+TBUF1
AS (IP+1)=AS (IP+1) +TBUF2
110 CONTUINE

100

7 S-CRS-2 DIEMARDZEDI—T 14 25

FH ORI, WEOBEYHEER EIXZT5H00
6 HIAT T%HREEE, 4 HIKT 10%REE OMERER EC
Hole. T T8O LI BRNRDONL—T 2TV T
Yu— T LT =X OBMNEREa—T 4 T %

1CRS=0
DO 110 IP=1,NP
BUF=0. 0EO
BUF=BUF+A (ICRS+ 1)*S (IPCRS (ICRS+ 1))
& +A(ICRS+ 2)#S (IPCRS (ICRS+ 2))
..... :ﬁ‘mg e
& +A (1CRS+26) %S (IPCRS (ICRS+26))
& +A(1CRS+27) %S (IPCRS (ICRS+27))
ICRS=ICRS+27
AS (IP)=AS (IP) +BUF
110 CONTINUE

M8 REL-EMBEADEENI—T 125

BRALEZ. W8oplix6mioplcdhy, 4miKkD
BAEEROKE 24 L35, ZOT—ZHEHIER
Tk 6 HIARDEA, IP OFKITITH LITFIEHRZ N 27
7 e WEAE, BREEFEET 57012 27
HIZ/25FETOEGEDDLZ LIRS, 0 2G50 5H
FHIX 6 MR DA, &R0 2%RE, 4 KDY
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Bl 3BRRRAE L 720, AT U ENEMNT 503,
BPRER BT 73R b DEEXD.

64 ROMLT—EDF—FIVV T Fik

6.1 HilTRLIER_T ML~DT 7 ZAXF LT 4
DB ZOICEEONERFAT T 2L FE L.
X9 DED X ST ED XYZ D 3 R ITIERE % {f -
T3RTOZEMICHRFE T2~y 7 T5H. O
WA WT AN 3 ReZEM = EI+ 5. K9 T3
Lo TWAR, AllNE 10 5E L Lz, BARW
WIS E SN BOFICE £ D8 Ak
WAL DINEFFTEZEFRL, HOFSFHX 9 OF
ROKD L HIZ XYZ DNEFICIEFHT 35, £
—HOTOHIEL, K9 OLAMOKD L S IZHHEE
SRR EI L, NERIZE E 0 A 88 % S BREAR
L, TOBANBAWICEETNDEEEZIERF T 5.

&t

L.

9 HRDIEFTITDER

ZOXIEFRM T EERT HH T, WERIIZIE W
TR AESOWNE LTCHITWIEICEE SRS
TR, DVWTIEH—ELZE2HERTI2HLOFED
FL D, ZOF a—=r T T—HDORNE S 2K
THZELIZEY, T M VDY R NT 7 EADEL
WL, Al—%Y a7 Db T—F54%<
THZ LWL, NPT o BREELRNLL A
Xy v vaDREICARDENPYFTES.
Fa—= U THROEMOFERER TIORT. £
DML 1 a70E/E, 1 270 — 7 i
16GFLOPS (k4 2 v— 2 1kfett, 8 a7 0HE
1%, 8 =2 7 ¥ — 7 M:hE 128GFLOPS 12xt4 % v —
IR Th A, AT ra—LIc LY 1 a7 HE
WZBWT4HEES 6 HAES 2 FREOMER Ea
B TS, 747 v — L HESIEFRA T O
EHEICLY 8§ a7 ORIEICK T, 6.1HIRLE
N7 SN LL ArF vy v aTHDLEF
DOBEGMEREE T D 9% IV HERRERE S LTV
A, ZOHEIY, 64AHIIRLETFa—=v VFRE
MENTHoT-Z LB m0n5.
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BT HEI—FNVNDFa2—=VI®ERE
6 EiK 4 EIK

#1) OF )L (1core) 5. 9% 2.4%
JJ)7>a—)L (1core) 10. 8% 4.2%
JJ)L7 > a—)L (8core) 5. 4% 3. 0%
ZL7ra—)L + 10. 2% 10. 2%
JA—%1) >4 (1core)

ZL7ra—)L + 8. 1% 7. 7%
JA—%1) 2% (8core)

7. F&oH

AT, EERHAED -V THDHETII &~
M ORED T5 (28B1F5 CPU BARMERED F = —
=TI ONWTIH =, BRI, 95 e T
a—7 4 7 OMRETHTIESRE L. KIZ,
Seism38D #f#& L CEEKNT = —= 7 FIETH
VA7V 7 ALy RUWHIOFEEZRE L. F
72 FFB Zfl& L TERNF 2 —=2 7 FETH D,
TNT A=V DT — AN TIEE R b L
FT—=HDYA—F Y T REERE L. (R %
R L7 M OFER, BE LI TR TIE TS
a—F 4 T OMREN B FHITE D HED MR

7z, Seism3D TiX, #EL-TF =2—= T Fik
W&V, a— F&RT 1.5 FREDMRER E2XED
N, Fa—=r 7 OFMENMR I, FHED—
KIAZDNT b IFIF R o MRE T HIE £ THERE
BEH LN, FFB ORI —F BN TY,

MELET 2 —=V T REOFIENIHE SN, 1
EH R B oM R E CHRENE D bR ER
ol KiEoR L, MEETHIFE, Fa—=
VITFER, TR O LETOAREZA TOEITHI &
R7 MVOBEOT v 7T NIGHT D 2 & BRI
TE 5.

8. B

AMEref LI LG Ex EE S 4 E
W, BERCKSEHERFZERT O A 2R 2, R
SEAPERRSCET O MR T2 0%, & L@k attoH
R, WO E LB SEATIR AR — N —a
2 — PR ERATOFRIEH LET. £2, K
MRRA—=NR—a P — B ERATL 0 <
7 MY —F—EDEKDOENVENE LICE#
LET. KRSTORERIL, L FIFIeaT s ERl 2
TEHREDMREE T A Ea v B —& 50 O BRF
AlzksboTT.
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