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Matrix Workshop: a Matrix Generator on WWW

YURI MATSUBARA,' HIDEMOTO NAKADA, SATOSHI SEKIGUCHIL,
OsaMmu TATEBE'" and UMPEI NAGASHIMA 1t

In scientific computing, matrix data are taking important role for representing the physical
structure to be understood. Thus, developing efficient algorithms with those matrices is get-
ting more important on high performance computing systems. Difficulty resides in comparing
the algorithms with different-machines, different matrices and different programs. Regarding
performance evaluation in high performance computing, establishing standard data set espe-
cially as matrices is strongly desired so that the input data for those algorithms are shared
by each other. So, the authors have been developing the ”Matrix Workshop” to demonstrate
the feasibility of the system which generates matrix data set by giving the matrix structire,
dimension of the matrix, and so on. Users accessing the system via WWW . or http are able
to archive arbitrary size of the matrices with which they understand the behavior of the al-
gorithms developed. In this material, the design overview and preliminary application results
are shown. :

CEEEL LOBES DD o TVATHTHS I EHNE
NG, Z0RHT R MIRR, TS OEE, Bk,
BEAE, 2ERE EORFIORRIBH O S THD = & 4*
EETHA. :

1. B0 &I

© . BEERREICBVTIEY 1 RFRROBEL LT
Be 7VT) XL, TUY 5 AQORENFEbATY R : : .
B, ZhoOEEFER 7 VT XA OIE %4 4 RET 72, FIPIRET VT XAABEDY £ XOFH T
AT, HHARCERERETS 22 ATKREREL  ELCREETAC LI, Wi H 59 54 4 Z0fF
3 HLCEL (BT 5 L ORISR S 2w, BRI,

ZONFIEET VTY XLDF R R EBROLB I
FEOBI2HEOT A MIFIAFLEL 25, BILIE,
. BUY—RABRRORERECEEEORE L V2 72175
CEET VT X6, TR OBESHHEICRELTY
S BLTAI)ZADT R R EBD DI, FOHE

CRREMELOT A MTFIALEL 25, 7, KUK

t BFE DKL F K% Ochanomizu University
1t BT B SHAN Electrotechnical Laboratory
1t WRIE TEHEABIZH National Institute of Materials
and Chemical Research

RBETIET M TY ZADY 4 LRSS D, b5
AXOBICERRL 2V eV 2L bHBBB. LoT
FAMIINCKE, FA XERL EOBBENLETH 5.

IOES, 7USTAOETREREX N T —
FIELKECKFTHCOHRDL T, HrBR S A
FAIY XL, 7a7 T Ak UCONE, BEEsit
SFATAbRTaB LV RV. TOZ ki), 71T
Ah, 7UY T AOFELITE S BIAVORD{ED
AT =D INETHFELLE oI L AL LHL AT
b, FITHRAE, 72 MIFICLERUEO£S%
W23 7 A MTIFIOREIC XY, EEEOB T LT



Web_R—TAD
D W on

Matrix Workshop #—/%]

MatrixWorkshop
WebA—3

CGIZHYTH
FTREBL—F =Bl

5
= SRS
757, @ s
T8RN

- R

atrix
F—5 Rt
’

BT F—50Fa—F

@ ERREhi=
TAMTADH

TAT—2OH A

H1 YAR7aHK

Ah, 7Y TIHADT A b EFHE— b HTFIERS R
7 &, Matrix Workshop B L7z, £ A7 A TR,

o HEDBESHRITH %R

o BT 2L TOITHII, EEY 4 X CERTHE
VAL BHETAS. KRTIIE Y AT ADHERK,
BkEB~<B L LI, ZOBMEL TR NT— 7%
{EIEHR S X 7 A Ninf>) OB ERVE, THIEET VT
VAL, a7 T hBLURERY AT L OWREHES
AT HIZDOVWTERET 5.

2. Matrix Workshop

2.1 Matrix Workshop DAL

RKYRAT LT TATY b - F—NHOYAT LT,
294 TF7Y I Web 7799 ThHE THOERE
AFED, WWW 261745 T EXFTEER -2 —H
i3, F— 92 BRIAFTHI LHWMETH 5. Matrix
Workshop DV AT LABBUIH 1D L I ISk > T,

Web ~— T, #FFIOHE BT 5158 (TR0
B, RN ORE, FHEEY) 2, THLERSE
27007~ 5 (FTFIF 4 X2, FHBRSERO DD
EEMER L) AN T +—H Rt 5.

TFRDERIE CGI2A L Tiiebh b, Web BE
ERFRENLTF= AN T 2 — 2IC2—FRAITFI 1
X2V OoPDEBEEEANTTS. IThbi, Matrix
Workshqp 'ﬂ‘—IV( 1 EJ:) DRAPIAYY2—-%F
DCGIAZ Y7 MciEShE, AHF— 7% CGL 2
707 PROITFIER TS T ACFIESNBILET,
THERTO 7S AFEH S h, THFERShE. £
B & N ATFI O %L Web EEH7 7 1V (gzip &
D or 2 L) &2 —FAFTFIEROET & #HiF HETIC
Web BiHICRREN TS RBRAEBICIVERZ LA

WEETCH 5.

FHOMHHRIE Matrix Market?) (FHEIC7 R b
FRIZREL TV A, 2.3 TH~5.) TRASATY S,
Matrix Market Exchange Formats % ¥RE L7z,

Generator The Matrix Workshop

Matrix Information

Example5_21
Structure: |Others, Real Asymmetric
Size: jnxn

|Text page: |from page 1020 103

Eigenvalues:

lamb (k). = exp[{2kpai*i}/(n+l)], k = 1,2

Right Eigenvectors:

Let x**(k) be the right eigenvector of
corresponding to the eigenvalue lamb(k)

‘Matrix Market (MM) Exchucge k=12 .
1,2, ... .n.

Formats -

[ —

1 [lamb(k)]**(n-1) |
1 {lamb(k)}**(n-2) |
xxx{k) = | . i
1 I

B2 7R MIFIEICHES S Web HE



1% bound of
subdivision.
LY heightof
cutout, (10~
18).
73: heigth, (20~
25).

trix Size: N = 93052
ot (M1 = 256, M2 = 367)

: subdivision
under LY.

31: subdivision
over LY.

. subdivision,
width of
cutout.

: subdivision,
‘width except
cutout.

Fra leest upper
bound of
time

8 NHOMRBEIIHS 5 Web HIE

2.2 RHT 31750

FYATLTR, THIOMERFEELRITHE LTLRE

BeBEEEFBITNICOP o TV AT 2R+ 2. B
EuuTwﬁﬂtvbﬁﬁﬁéﬂtwé

“A Collection of Matrices for Testing Com-
putational Algorithms”? (7 2 }{75I&) T,
B4 GHEEOT A MIPIZEREL VS ThIZIE, ¥
A XBARDITHE, EEOF A A TR SN BITFIL 4t
Y, FYRT AT, BEY 4 A TERTHRL2TTI %
R, #tT2 (H2). X274 TRITFIOREIC
BT oML LTETHCBINIC S P oTw 5, #17
B, BEE, 482 COBRbRET 5. BT 575
DHEFIIR1DEBYTH S,

cLZERDNE

Structure " symmetric | asymmetric
k-2l 12 9 3
w5l 15 13 2
=A175 1 1
O 6, 4 2
total 34 - 26 8

HHE S IC & SMEHMEY it BHRROETEME
RU, BEMKAERIEL D S ha T2 RE®ET 5. =
NOOMEATIE, 2RTTOWREDD LI, H/BERIZE YD

BT ET, 1T

BEX L EHRAREAREL, 8RB0 I 2L -
arvEFhS. SOEFVLLIL, REEEHES B
BTHA, BRUEDOBRICHB Eh B, R 274 THRE
TAHIFHICIE, COBERDOIYI2L—YarEFRD
BOFER, BRILOBEO A v 2 BE ST A— T
W4 XICHBESS L6 Tw3 ([3).
23 REMZE
EIRAFALRABICT A MIFERETE AT A
& L TiE, NIST @ R. Pozo 5IC & o TEREr - AR &
7 Matrix Market) %% 5. Matrix Market T &
WWW LT7 R MMF2REL T3,
RET2THICOVTIE, BENLERTIICH LT
{2 Matrix Workshop, Matrix Market & % (21ZFE%E D
B RET LS. CNOOERTHE2ERTLDOY
AT A DEE LT, Matrix Market Tl Java N— 2R
T2I747 7 MITEBLTWAA, Matrix Market
Tid CGI ZHWTH— N THIBL TV 5 T LT
bhb,
EMBELVERSAARENT A FRBILOWTH,
Matrix Market Tl ¥4 4 XBEEO 7 X FMFRIDF ¥ R
FERTEZORTWY, FRIEHEhIV—-F>
PRFES ATV T 5, DX I Matrix Market

- THEMEL VEHShATHICOVWTIRABER T2

ZEHTELV. ZRISH L Matrix Workshop T2,
EMBELVEHINBTFNHLTHS A X, HEOZE
BEHRBESIHIETER I L 2 HHE LTS

% 72, Matrix Workshop TizfTHDER % CGI % 4+
LT oTwa. Z0OH URL 28 LTEOF 4 b
DIEB L EUST &5 API (Application Programming
Interface) 2 AV hiE, 7075 Add b BEICTH
F=FEMYAATHRAT A I LAXTRTHE, 72
Matrix Workshop TR S h 2 7RIICH L, 7055
LD THITFIH A XOBEEFEHTHS. LAL,
Matrix Market Tid Java TITFIZER I ¥ TV 510
FRAHER .

3. Matrix Workshop & Ninf # fu /1%
BERTM S X7 4

3.1 ¥ -3 :

v b7 7&1@1‘5@‘/17'&\ Ninf? TRIERF v
b7 =2 LRSI MHERRLHREE~OT 7 ¢
ARBRBRERTAI LI, NA T =2 R
YCa-F4 27 (BREPOBEEEDS SHEE L
DNEETEHEE BRECERTIIL) 2XETES
LAEEET S, Ninfl 29472 b - = B0
FATHY, $— N EEERY FT— 5 ECERBEET

B, ERBHOL—FIRMEE API % &L T Ninf 07 4
77 IRMERUHT LT, Eﬁ%/ﬁﬁﬁ®?47

FVEERTAIENTES.
¥72; Ninf D27 747~ b API T& 5 Ninf_call 13:¥

—63—-



B4 772U TEIL, #0515 LTCURL %
HERTHIEMNTEBLLICE>TWS, NinfOoZ o
BAEIZ & 9, Matrix Workshop % Matrix Market (2
BWTHRMHftEhAE27— 9% Ninf 54 75 ) H#—¥E X
TRESNZ 7OV T LHEAL, FEOHEARELEE
L OetEEHATAI LN TESL, ZOMEELHE

LT, [Forsa) (8] & TFR7—-2] #8

HAAbETHEFMEITIZLATE S,
FZIAE, N —F 2 BER L ERE IV —F >

- NEEZICEH LT OV, Ninf -V ETHEFT

TS B T & CROBE [ HHaER v —F > LR E
By s A MEkE b, F72, He Y- (BH

) ETRE TS EATREE 250, FHEROMRESE

flELATREL 22 5. & 512, Matrix Workshop *° Matrix
Market THREtENLEBLT X FEBELHWHI LT,

ERS N 2 g =] 7‘7A1’Eﬁ‘2¥‘b-lo’fﬁfkbh'cw%a¥ :

it BT 5 L bTREE &5,
CDXDBEXIIETE, Eﬁ%&i&ﬁéﬂfﬁvlrlx
EBELL. AR T LREOTFMEHE L LT, THEA

W—F Ik U Matrix Workshop & Ninf O % FH

- 5F Ml % 17 72 - 72, BEfil<id Linpack Benchmark @
H ADEEREL B, BIBEEAY A X2EZ T, Ninf
P NETEFTLABOBEERMZ EOFEZ T 5.
3.2 - Ninf & Matrix Workshop D&}t
Bk L 7238 b, Matrix Workshop Ti2175) % CGI
AN LTERERTYE 2075 Web "~V DAS
T F = LI AN E N7 = ¥ i URL @ search part |2
Iya3—FENT, CGI A7) 7 MlEshs.
Ninf 29 4 7~ MIBRE,C, Fortran, Java, Lisp
ZEDBETEEEINTWAS, NinfH—EXE2RFT5
WIHMTOXHE, 2947 70549 X Y Ninf
7547~ b AP1 T#% %, Ninf_call ¥F-U T,
Ninf.call(”dmmul”, n, A, B, C);
0D X 9% Ninfcall ®FER X L, FHEOANELT
URL CigEShiz¥ (1 Mh2EREBVIBRORL
LJ'F&:TT‘?‘
char *buffer,
buffer = "http://ninf.etl.go. Jp/Matrle
orkshop/cgi-bin/exec_matgen.cgi?Arg-1-n
=nExname=Example4_ 16&C0ntent-'l'ype=x-ma
th¥/2Fmatrixmarket" -
Ninf_call("”dmmul", buffer, buffer, C);
TNEIICHIME LT URL R EETAET, 204
FOF— S HHEDOANE LTHC LS. EEOHT
3, EOAN 2% 2, 3SFIBITHERESBMH S
nIEFCHS, £07H, URL DY 4 2 HDORS
F—y FBURHRI S~ XERTFFIER L LT Ninf
Y= NETEFENSV—F > (Ninf Executable, =
O%E dmmul) 5| ZFEEALTRITR 6% v,
Matrix ‘Workshop T, £ & h 717 FIEH 3 Ma-

trix Market!) T % & h T\ 3, Matrix Market
Exchange Formats £#H L TV 5. 07 +—<v b
BATFIT — 5 O (R OWY) ¥EB L ASCII 77 4
N7 4=y FThHbB. COT7+—<v ML, EH, #E
M, B, pattern DEFESS L AHTFICH LTEE SR
T, BATHICH L CiRFETEEDLH TS, ¥
T BATRNCK L TIET=/A (b L IR E=A) 750
BROAFRRENDI 2L, ¥— 7 BEHAT 5 TR
SRTw 2. BRE LT, Ay ¥57, TR M, 75
F—=FhbkoTv:A. LLIFIZ Matrix Workshop T
3 B ENBFITHITH 5, Exampled 16 DHIZ R

%%Matrixmarket matrix coordifate real \
symmetric

JExample4_16: on page 75 of Text
%Structure: Banded, Real Symmetrlc

12 12 33

1 1 5.00000000e+00

2 1 -4.00000000e+00 - -

3 1 1.00000000e+00

%% T E BITHAY YT ThHB. ~y FITTEDTH
WELTTIPBATH A, RITFIDBFEITFID, s IEnt
HhPRENTVWD. £72, % THEZTATIAL MY
THD. Ny T, aAY MIUTHTHF— 5 ko
Twa. ZORAD L) CETHTH2HE, 757
5 DE—THICEDITROTYA X, Fl3r 4 X, ¥no
EERAR SN, ZHEL LT L ICFNo—KSHt
PIBE, TEGE & bICHIBELIC I AETHA SN D,
Ninf # — /¥it Matrix Market Exchange Formats
DRI F—FIH L, THRERFETFIHRIC XL
EFN-FLHEET. ETHEAE)NERT S
BROMAFD I > XY v.a v, C & Fortran TR 5.
FODITFERLTETV—F 2 ICFI & ETEE, FIEAL

TH ST PR T EFET L) T eHMBL L

%. Ninf Ti, £550BXTEZLIENT % 7% Ninf

IDL FrdFtaliic & o THFHIL Tv» 5. Ninf IDL i3 Ninf

TRUENDESATFIDA4 Y 5 — 7 2= AR A

TAHILDDEET, EOFHROPMTIILTOMIIRS.

Define dmmul(IN int n, IN double A[n][n],
IN double B[n] [n] in double c[n] [n])

Required "dmmul . o"

Language "Fortran'

Calls mmul(n,A,B,C);

FTRDBMBERE LTET 7+ w kT, ﬁ‘?—ﬁd-l%

LB, ERIDL oRB0 L,

. Language "Fortran'

'2:?“%1‘6 ET, FIRMICE ARMERD.

‘Ninfeall ® API & L T, ERIBHOH L



Ninf_call.async, BFNIETFT B b T ¥ 72 a YK
O#85E Ninf_begin_transaction, Ninf_end_transaction
EFHBERTVS

4. i i

‘4.1 @B

Matrix Workshop & Ninf % B\ 72 §ESEMf © 2 7
LOFREE L LCEN L RARROBIELHELER,
HAXEEATCLAN EQT =S RF =23 v 5%
TOEFIHEST & FFM L 7.

MRS (K4) & LTk, ELHF o DEC Alpha
(333MHz) D 328N T— 2V AF—a>Yr5A5%H
Wiz, &7 -7 A7 = a3 %, 100Base/TX Ethernet
A4y FTHEINTVES, ZIAFDRAIELTI
BD Alpha 7=V RA5F—a v iS5 5hdh5,

Ninf4—N&2 & 3R HEDT -2 AF— a VY TETL,
7IAT Y PELTRAMDT =2 AT =Y a v RV
7z. % 7z Matrix Workshop =/t LT, AL 8
BH D §5-20 % FV: 72, Web % — D4 — 2307 g,
Apache D/)¥— V3~ 1,24 ThH 5.

Ethemetwork switch 1
IlOOBase full-duplex
[ Ethemetwork switch . |
100Base/ TX . )
. ) 5
Matclx Warkshop L:[anrsﬂ-mj [ Ninf Client }

wiz00 ~ wiz31 etiwiz
S§ - 20 DEC Alpha cluster

147MHz  256MB 333MHz x 16 128MB, 320MB

Solaris2.5.1° Apachel.2.4 OSF] V4.0
4 FREESE

4.2 Matrix Workshop D#AMEE
Matrix Workshop DAL LT
(1) overhead: Matrix Workshop #— 7V IRUSH ¥
DA B FEH
(2) generate: fTHIDERIC A A 5 KR
(3) transfer: £ S NTHIF— ¥ %:@TH’E
BRSSO
TRFMEETZ)OICAV-MEOEER, BEk Lt
R2AIRLI.

2 AL D OEVLME

mME Wi | AEE | EYoERR
) Hilbert E:3 fog nxn
Example3_9 & FExt s nxn
Example5_21 B FEXER nx2-1

EXUEEDOFHMICIE, 4.1 TRUZFERE L FER
BN CRIE T 7%, Ninf /XL 35 Alpha 7 5 A
¥ 055D 1% LY Matrix Workshop @ URL # %47
L, Matrix Workshop ¥ — /356 O FSE B ] % 572,
F2TRL =& % V> 7:8® Matrix Workshop D
ENCH R E R IO P R s SO AN

overhead
0.2
generate
#4 X 1000 2000
Hilbert 18.0 1:08.55
Example3_9 36.48 | 2:17.65
Example5.21 0.82 2.30
transfer
#+4 X 1000 2000
Hilbert 0.31 1.63
Example3.9 0.52 1.68
Example5.21 .0 .0

SEER L 2-BEIFT ?‘J%?ﬁ‘ﬁﬁi&ﬁﬁ’t“iiéh
2ARITH B 720, 1T5IO LB EIZETFITY 4 XA
2000 L KEL 2> TOHBGUATH o 72,

4.3 Alpha 735 X %2 & 3RS EMNE

$EBRIZIZ, Linpack Benchmark O # 7 2 DLk %
v, BEY A X% 1552048 T TEILEXE-BOER
M EZRo 2 ERHLAMEIR 208 TH 5.

FEOFEIEE LT, + 1 XWEIC 2 EDETa Ly
FIEFCHELH DK TS, E7U Ly IS D 4T
ONIFHEEESTXCER S h /2%, BUEHIETT
5.

K51, 75 & L T Hilbert Matrix TEF L8
RERY. K51, MEY 1 X+ % Linpack OEH
BMERLTVD., YUWNKFEEBRETHL 20, BHE
FA XIS L CERE LA-EERMERL TV 5. FHO
EBRER2TRLATANCLI TR o 7. H6(c Hilbert
Matrix C Linpack % £1T L :B ORERBH IS T 5,
Example3_9 ¥ X UF Example5.21 TEIT L B OEE
RHOHEMZLRT. ¥4 XAVNSWERTIIEFRR
HhE Wb, QIEREZLITEBOTEIKE VD, |
HRrMIIMESE DL THIIZABOER L 2TV S
TEHFH,B

£ 4, “7"{ AR LCERICHBE 2T - 2B OB
RE R, Ninf ¥ —/3 32 A TEFNICERT L -BoOBE
HEER (BROFBRLEMIC 32 TH - M), /-8
ML, FH0EIC L BEHN D 5o 228 FHRIER R
FRY. REEEMIIMEZEZ TLIERRRAS 20
Hilbert Matrix TOREBRFMERLE.

Ninf 4~ NED TV L AOHERM XL, %ﬁ’riﬁlw#
FHEREIZ X D KIBICIES D& 4% 5.

UTIc&mE s LT, 44 X 1000 & 2000 THIRIC
(FEHRBLEVT) SHAILABELRY. 2947 >



Hilbert ——

Execution Time [sec]

L
0 500 1000 1500 2000
Matrix Size

E5 Hilbert Matrix A& & OEF M

Execution Time (relativ to Hilbert)

0.1

. L 2 L L L . L
600 800 1000 1200 1400 1600 1800 2000
Matrix Size

6 Hilbert Matrix (%7 5 HERE O ZE

s

ERLE 2651
pi2ap ks 82
AR IR
Hilbert 512
Example3 9 899
Example5_21 136

M3, Alpha 7 SRS DKRRMNDT—=2 AT~ a8 >,
Ninf %—=/%2i2 Alpha 7 7 A ORD 1 HE AV,

Xy 17 % SEHIIEERG [#9)
#4 X 1000 | 2000
Hilbert 56 395
Example3_9 T4 446

#4Z2000 Th->THHIBFMOEIS0OPRETS
0, #40 L ) REHE L7z D2 Matrix Workshop %
BHLTVE WebH = NOEERICHEIH LD L
Bbhd, £ Webd—NTurs7s0x5—0lil
BERAHEZLT -2 Ko Tw/zl0, SRERBKHTHS.

4.4 # =

SEDOERTIX, —FI 32 TRy & Nmf H—NZEk

¥ 5 728 Ninf ¥ — /%% & Matrix Workshop ~D77%]
EROBERIFERLEFHRETT TS, EnH I
HERXDL. SEOL ) A YA XOFTHIHT S
F— 7 BB L V41212, Ninf (2B v TIRF RO
L#%B ¥ 5 Ninf.call async 2 v, BRIETTHZ
& TR 0 FiEH RA D % 4%, Matrix Workshop
F—NADEFOHEPLVI T LEERL LEHEIR-
Fo =ikt LR BT ER RIS, v i#iieE
ZBLENH .

5. FLHESHRDFE

FRHTIR, P FrVORBY - AL LTH
FRMFTETRCEEL AT ERRE LAY —EX
2y v 7—2#HERTHIHE: Matrix Workshop )
DB EFT2 ) & & iZ, Matrix Workshop & % v +
J—2av¥Ea—F4 7 DXERT AT A Ninf 2 v
FERFM AT AKREOLOOFHFME L T, 751
WENV—FERVFEET 2072,
Matrix Workshop Tix, 7V TV X4, 707 T A
EFALTADICHL ML RITHIZREL, FA5D
TR Y A ITRIT L2 L 2 TEEE L7, Biok
BRLZTINIOWTIE, e 27— 7 22— FHEEIC
BT 200HEETHHH, EV AT ATIEIHERED
FAMCAEDLREREL DEH SRS KRERTTOE
BEEBLLAZ LA TH S,
SHOBRE WoEsE LT,
o FHME, TurILH, F-IOBRETERLIL
GUI O1EsL

o EHBEOTHLITHORE LML POBERTERT
&I LHEEHORE LHE, KEICCPU 2LEL
LTI 2759y FCHELXITIES

o AHBESEOHHELEROT—FR—21
o HEEFHE~DILHA

o ETFUYI L/ TN X LDFME
&tﬁ.}:ﬁ’%h%

& % X W

1) R.Boisvert, R.Pozo, K.Remington, R.Barrett,
and J. J. Dongarra. http://math.nist.gov/
MatrixMarket.

2) R. T. Gegory and D. L. Karney. A Collec-
tion of Matrices for Testing Conputational Al-
gorithms. WILEY-INTERSCIENCE, 1969.

3) M. Sato, H. Nakada, S. Sekiguchi, S. Mat-
suoka, U. Nagashima, and H. Takagi. Ninf: A
network based information library for a global
world-wide computing infrastructure. In Pro-
ceedings of HPCN’97 (LNCS-1225), pages 491~
502, 1997.

4) #H EEH ZHL 3, and E* %l’tﬁ KEIfE >
Talb-—var, BE#HE, 1990.



