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Ninf API for Distributed Memory Multiprocessors

HIROTAKA OGAWA ,t SATOSHI MATSUOKA ,t HIDEMOTO NAKADA it
MITSUHISA SATO ttt and SATOSHI SEKIGUCHIt

To establish a basis for globally-distributed parallel computing in numerial computing, we
are currently working on the Ninf (Network based Information library for High Performance
Computing) software system. Using this system on distributed memory multiprocessors, Ninf
core server runs on a single node such as a frond-end machine or an I/O processor. As a result,
computation data concentrates on the node and easily become a bottleneck and even might
exhaust its memory resource. To prevent this problem, we propose new common API for
describing initial data distributions and mechanism to hand-off connection with Ninf-client to
the target node successively. We preliminarily evaluate our hand-off mechachism on Fujitsu’s
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AP1000. Results show that it improves the total execution times.

1. B U ®»IC

FEBAY P ERORBIEY, EHA v b
T—- 7 OFBEFRESHR, BLRBERY-E2NA
=2y bERBULTT 7 LA R, Thbo
Y-ECRADEELZFEIEARTH 2. BIL, BRI
BraMbd, b rdbRxFIRLFERCT AT S
B, TR DOFEREFAFTELEVILTH .
L4 L, E-mail, FTP, World Wide Web %0
EELTVAHERY—CYADZ L RT— v 0HF 1Y
ToTwa, —~F, Ry b T - BROERITE EE
16, NV FBIKCIAXA Yy A Y P~ D
ERPHRFIARNE, EEAY b7— 28RS
REEESEBRTARA I AN -V A UHERE

t RERFLEH
Faculty of Engineering, The University of Tokyo
tt EFEAR SRR
Electrotechnical Laboratory
T SRR R
Real World Computing Partnership

—159-

DEESTLTRTHS. COL ) TERICHTRLE
FHAERCHBRERY AR L B 8Er SRk %
Global Computing % \* L World Wide Computing
LIRS,

Ninf (Network based Information Library for
High Performance Computing)® 1 Ft M st &
i} @ Global Computing * ERT5#MEY 7+ v x
TThHY, KAy b7 =27 BICG RS W EHERER
WBREREF 727 7V r—va Y ORRBEESICT
5. BEEREHERG O ERREE LT X (fEbnb
BESH LV —F VESAETE, BFHERL LR
EHLBEORLHOFEER L BET 5 HHMA— A%
MATES.

Ninf &K A 7 513 Client-Server € 7))V 25T
(EHE - BHREFFEEET 5. STEERIZ) T
BIHARAMEDOVE—}FIA 7Y ELCERSH, ¥
FAT Y MIFTEICLER ST A— T % H— N T%D
F—oVdEEE, BRERVET. BFHEFEIVE-
TR b LOBHRN-A L LTERER, 7947

MAERBEHOBELRY, Y- NEEROD Ty



REDVET. COMBERA I T -2k LBLTES
DT, LBRRFHEERIIOVWTORRRS,

Ninf Remote Procedure Call (Ninf RPC)?®) i3
JE-PIATT)ORNRFEREEBRFOSHEDO 71
TFIRIC5HPN T API E LTHRETALDTS
5. ZhERwAZETCTur/I<idky by—2 70
TSIV 7ICEb3InBZ %<, Global Computing
RETONERNIET 7)) r—2a v FiT 5.

L#»L, Z® Ninf RPC 3% — i CHE—D X E)
ZEERELTVWA LD, N7 P VEEEEPRE AT
VEETER CORB ICIEIRBES 2 VA, S8R T B
EBTIR, 7ury bty FeyrRI/0 7oty %0
H—/ - FIZBHEEBRSEP LTRSS (HELXBTSE
AEVIHMBEFEL .

AT, ZOMEICHL, 8 - BRT-S0HE
BT H700 APL ¥R L, ZOBHEE-Tr 5
AT rDIART Y a v EBEYEE, — Pz LOER
NYFF 7L T ZEICEoT, FrERBESE - N
ETOBEBLEAT A L CHEDETEHCHEY
BETD, 372, TONY FATEBEYELEOSE
A E)EGFIFHERE AP1000 £i2E£E L C, Linpack
benchmark @70 75 L ¥ BV TTFHRFEMET - 7ok
£, 16% oMM E x5/,

2. Ninf RPC O#i&

Ninf D&EZ& ¥ 2 7 413 Client-Server £ 7V ic T
CBTERFAMRLZXET A, stBERRII) E- 185
APEDVE-FFATIVELTERSKhL, The
ERTH7DICFEAR LTI Ninf 3= N L FRIEh 3
F=NTFOERAERITZ LD, 2-FITFF -
MTA70DTATIVERBELT, 7747+ F
SRS ELRNNT A=t —INIZE ), = 1DEE
%, BREEFZINAFHRILBHENLTS.

LT it Ninf RPC Y A7 A DHBREZIZOVTH
Hzx$5.

2.1 Ninf #—/¥

Ninf #—/3%i2 Ninf 5K X F ECTEIfET 5. ¥ —
N_o2F3A4T7 7/ RIOBEOBRESXE 1 IRT.
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1* EEDEET */

double A[N][N],B[N](N],C[N]IIND;

/* {T5I8% C=A+B V—F LY OIFUH L */
dmmul(N, A, B, C);
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EIREBEEMITNInf 5475 ) ¥ FETE S,

|Ninf_ca11("dmmu1“, N, A, B, O;
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Define dmmul(long mode_in int n,
mode_in double A[n][n],
mode_in double B[mn][n],
mode_out double C[n][n])

/% ZON—F2EFLFTIT2 0 VETZ - VOEE */
Required "libxxx.o"

/* C ® Calling convention %*FIf */

Calls “C" dmmul(n,A4,B,C);

“dmmul is matrix multiply for double precision"

mode_in, mode out X7 7 tAE— FDEEFTH
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Nint executable
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Ninf call results L NI A—-2

Ninf call arguments
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Define sample(long mode_in int n,

mode_in double A[n](n},...)
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‘ﬂode_in distribute(BLOCK,BLOCK) double A[n][n] ‘
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frond-end I/O processor

Ninf Sarver
Ninf executable_|

Ninf call arguments Buffer
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HBD-01, 70V VY FOF=FNny ¥y vy
FHELLTUTDIo0FEZAE L.
*')UFI) Ninf call DFIBICESHZBEFT— D
WA LIS U7z A € ) I % B4 TEITRICHE
& BT 5. @E7— %0 XDR & SPARC @
FROBOTRBE L 70y Py FTfTbhs,

buffering-base method 7 o » b x ¥ F kT
1Mbytes BIED ) ¥ ZkNv 77 2BEL, /Ny
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/= F\DREET— 5 DHEL alignment % EE
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FRELT, 7947 Ve BETH/ — FOE
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J = FAFZEETHELT, £ETT5FT70
YLV FRIERZ FATV PO F— 5 2% 0W
D, /-FERETH. #OAKTHE. BEF—
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buffering-base method, hand-off method & % &fE
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B IS 13545 @ LINPACK benchmark o 7
FIAERBW, HRETBITHIZ 200 x 200 2 5
1200 x 1200 OEEHET, LU 5827 +%BRAV—F
YIZDWTHELA. ZoORERAN—F D Ninf IDL
AR %E6 IR,

5.2 # £

(7 1= SS20 Bk L U3 DD HET Linpack bench-
mark ¥ ET LB EOETHELRT. T2, £
MoOMNRER L IIRT.

T4 4 XHVh S v (n < 400) LTIt buffering-
base method, hand-off method & # i original 2
B2z v, 41 hand-off method CRFHEEXHED
F ==~y FDOLDIZHRIE,

buffering-base method 2 ¥ #i i original ® /¥y
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Module Aplinpack;
Library "aplinpack.o";

Define ap_dgefasl(
mode_in distribute(BLOCK,BLOCK) \
double a[n][1da:n],
mode_in int lda,
mode_in int n,
mode_in int ipvt[n],
mode_inout double b[n],
mode_in int job)
“Gaussian elimination & Backward subst routine"

Calls ap_dgefasl(a,n,n,ipvt,b,job);

6 #E TH/: Ninf IDL

s AP1000 Ninf-Linpack performance
2! T T

T
Local Execution (SS20 502) —e—
With Ninf (AP1000 64PE) =+ -
With Ninf Buffering-base -~ -
With Ninf Hand-off -se—.

20 | et
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\,
LI
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200 400 600 800 1000 1200
Matrix size

7 Linpack benchmark {2 X 2% E471Eie0 K

T EBEMREATHILEIITH B0, 4 XK A
VWHERTETEEA 223 THA. 1 KFsha ko
HEIET— %D XDR & SPARC ORFOBOERD /-
DIZ70Y LY FETRTEBEAIRALOAZTV D
EEILND,

hand-off method TIIZE#H% / — FLETITR 5. fEt-
T, /= FTRTFT—=F%2%WY, 327 arisko
= FlEo728, ERFHEIRTI AT A v EfT
PEEEERY, JUY MLY FCOREIEBEL LD
ZERBITA. API000 DX 31— F7uty i
SPARC 25MHz & HEBIERDBETD 16% BREL
BHEMELTBY, /- FFoky¥pyar by F
Y VIHRTHFECREICE, ZoOHELRLFAS
HabltkankEions,

6. HEMR

Ninf 2388l L 72 Global Computing # £R T % 71
Yx 2 b kLT NetSolve® 2% 2. NetSolve i3 F4
O Ninf_call XL, v 2V APT 232453 % 45,
AV 72— RARBBEEEL TR VD, HRICH




*1 EAEHON
n=200 client | server | node | calc
orig 5.7 2.7 1.6 0.27
buf 5.7 2.7 1.6 0.27
hand 6.9 3.9 3.3 0.27
n=400 client | server | node | calc
original 10.7 7.6 3.4 0.95
buffering | 10.8 7.7 3.5 0.95
hand-off 10.4 7.3 5.9 0.95
n=600 client | server | node | calc
original 18.7 15.5 6.1 2.43
buffering | 18.8 15.7 6.2 2.43
hand-off 16.1 13.0 11.6 2.43
n=800 client | server | node | calc
original 30.5 27.3 10.4 5.04
buffering | 30.2 27.0 10.5 5.04
hand-off 26.5 23.4 21.2 5.04

n=1000 client | server | node | calc
original 48.7 44.6 16.7 9.72

buffering | 47.3 42.9 17.3 9.72
hand-off 40.2 36.6 34.2 9.72
n=1200 client | server | node calc
original 65.5 62.1 25.0 16.6
buffering 63.4 60.3 25.9 16.6
hand-off 55.0 51.3 48.6 16.6

client  Ninfocall #IFFH L TR LT T4 $ TORM
server =/ Ninf_call ¥ %t} THOET T 5 £ TORRE
node &7 — FCOREEH FGIENHEED)

calc &/ — FCOEROEHHERR

HEINT-SHEREEDA V5 7 2 — A EHROILHPLRFH
BLW., 72, BEFIBOEHIZERI L TWEW,

Legion® 70 ¥z Mg, EBSHIAF4LET
DTFATTIVTEXBTAF TV M RMEE
Mentat” 218> T, &< OFHERELHS LA
B#YERTS. Mentat B 70753V F/EETH5
728, ST AT AREORBILPBIESERCEST
b, PliE, BEDOZ FTADAY v FAHBHIZARMN
SEARICE BB R - T, - FRSWLERS %
¥ETAH, KL, Ninf IBENSHELRELL
Wiz, I-FILL o TREFOIXT 4 L OERMEIC
ENLH, ABREL2SHEFISEOERCIIBRTH
5.

Fortran DO F|iiRIER TH 5 HPFY 12, 7—%
FFIFXBT L0 ICEFOFTHEEFEIER S
nTw s a8 cadH 5. HPF Tt Alignment,
Distribute, Mapping ® 3 BRF§T475. Alignment &
BEOBFOREEOHBFIEEL, BE ShENH
OB, TV FIZE o TETHEORITEIMRIE
SNTEBRIIITZAZ L 28&F$ 5. Distribute (352
22— YHEETAIHREN L2 T 0Ly Ay an
EEL, Mapping REF/0Ly F~EET L. FFD
IDL »#E3ETiE Distribute S8V A X BA L7728,
FIBMOBEHORFIE O Alignment (2FEE TS v,
Alignment 133 ¥ /84 7 OBRBELD 72D ICI>ATT R

B, F-NErTAT P EDOBEFHRELIRT S
VI T x—RRBRELTIENTEL LHW L2720 T
H5bH. bbAHA, alignmentf§E¥® IDL IZEHH I &
BESHTHA.

7. by

AT, S8 ) BEFFGERICB VT Ninf ¥
AT ARFRBOGERAT A0S, 918 - BRF— 5K
BEridT 57200 API #4241, Z0EHREFE->T
SEEHY &/ — FISFLTUERNY F: 7 L5 5
B ETHBEBYEATAFEYRELL, /2, &
DEELELED AP1000 LicEE L THGMHEIZOW
TR *IT- 7.

SHBIIKREETH D API ~DOEEEXED -, EE
OREMN, THREFBLEIELLEHIE, MTT v b
T A —DNOBEZXFEL TN,

#HE AR LED L LTHRAVBROKRKEER
IEEFHIRIRHT 5.
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