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Preliminary Study of Global Job Scheduling for Ninf:
a High-Performance Global Computing System

HIROTAKA OGAWA,* ATSUKO TAKEFUSA,? HIDEMOTO NAKADA,!3
KENTO AIDAt* and SATOSHI MATSUOKA f¢

Rapid increase in speed and availability of global-network may make global supercomputing
possible, including our Ninf system. However, performance characteristics of these systems
have been little investigated, especially under multi-clients, multi-sites situation. In order to
establish methodology to schedule multiple job requests to multiple computational servers ef-
fectively and guarantee performance per each client, we conducted benchmarks under various
WAN environments. And we observed communication bandwidth dominated performance
for communication-intensive applications such as Linpack, and aggregate bandwidth could be
sustained for multi-clients located at diffirent internet sites. Furthermore, according to these
observations, we proposed simulation model based on queuing theory. And we also performed
preliminary benchmarks using our scheduling server named Metaserver.
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double A[n][n], B[nl[n), CInl[n];

Ninf_call("dmmul”, n, 4, B, C);
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3.2 Linpack Benchmark iC & 5 5Hif

Linpack B 7 ADWHREE A L BTFI0EL
—RBFBROKM S 27 5 4 TH%. Benchmark T
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gk [Mflops] AN=7"2 } [MB/s] P23 H—N

n ¢ max/min/mean max/min/mean R L
1 8.00/7.24/7.68 0.166/0.153/0.161 6.85 0.40

2 6.05/1.51/3.77 0.124/0.030/0.077 6.90 0.42

600 4 3.57/0.92/2.46 0.073/0.019/0.051 8.94 0.50
8 1.52/0.49/1.08 0.031/0.011/0.022  7.99  0.49

16 0.90/0.29/0.54 0.018/0.006/0.011  8.17  0.49

1 12.75/7.26/10.50 0.160/0.091/0.131 6.43 0.39

2 8.22/5.89/7.15 © 0.101/0.072/0.088 9.23 0.52

1000 4 4.80/1.46/3.97 0.061/0.018/0.049 9.39 0.53
8 2.42/0.97/1.82 0.029/0.012/0.022 871  0.53

16 1.36/0.47/0.88  0.016/0.006/0.011  8.75  0.49

T | 18.46/11.87/16.42  0.166/0.104/0.147  8.15  0.47

2 10.44/8.03/9.34 0.092/0.070/0.082 13.58 0.73

1400 | 4 7.00/2.00/5.50  0.061/0.017/0.048 15.61  0.81
8 2.91/1.42/2.46 0.025/0.012/0.021 = 9.20°  0.56

16 1.59/0.79/1.25 0.014/0.007/0.011  9.35  0.54
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#:4E [Mops] H1EH M [sec] = -3
c max/min/mean  max/min/mean RhE A
1 0.17/0.17/0.17 0.01/0.01/0.01 30.51 1.44
2 | 017/0.17/017  0.01/0.01/0.01  53.86  2.39
LAN | 4 | 017/0.16/0.17  0.01/0.01/0.01  98.18  4.18
8 0.09/0.08/0.08 0.01/0.01/0.01 100.00 8.90
16 0.04/0.04/0.04 0.02/0.01/0.01 100.00 16.88
-1 0.17/0.17/0.17 0.06/0.04/0.04 25.02 1.21
2 0.17/0.16/0.17 0.06/0.04/0.04 49.16 2.19
WAN 4 0.17/0.16/0.17 0.24/0.04/0.05 98.14 4.16
8 0.09/0.08/0.08 0.05/0.04/0.04 100.00 8.91
16 0.04/0.04/0.04 0.09/0.04/0.04 99.94 16.88
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B, F—INTONE, F—1hbIFAT Y b~DEE
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AHDOERDY—EAE, Blbky F7—27 0N Fig
2RL, 1/pns, 1/pinr REEEFHIEI bDLT S,
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F—NORBHREEEED S,
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KHBIDETH, HIHNTOBR»S, B—41 PRI
HEEBDOI FA T/ BERYETEID, 7T
A7 PRICREBT AN FIBLA2ARIETE 2V,
- T, Client B %5 Server A I LTHRELNS
ERiX, Client C #*5 Server C DHDFEHITFIC D
BULhCEEISEBESL 0T, HLEARTHS.
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VETOEBRZRATVWEIRKETHAS.
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5.1.1 kS ¥0alili3UNET

FIYHFS Y a v ER—EOREY LD TEFIET
BT 200 TH S, T—HIZLk o THRMICHEE
SN+ F ¥y T a Y REAO Ninfcall F)iza L
T, 5o 7— 2 KERRFEBRICET S h, TOKN
BE W L d oM % Ninfcall ¥ B7ETT 5.

5 A, B, C, D o OF 2 £ LT IR T:

Ninf_transaction_begin();
Ninf_call("madd", n, A, B, E);
Ninf_call("madd", n, C, D, F);
Ninf_call("madd", n, E, F, G);
Ninf_transaction_end();
A:B, C:EDONKRARICTELZOT, BRI
2 0DMEBEAFICET SR, MHIKRT LLERETE
t FomEsEifens,

IILTVICLoTHR, 12D Y ¥ avid
1 2 ® Aggregate 2 17z Ninfcall L R%2#5. 7
H2 L arORBTIR Ninfcall Dty 747 ARE
ftLTEY, EROHBERIITLY, 27— KE
T 7OMEDLETS.

Ninf_transaction_end (= Zl5% L B8 C 7 — 5 KF S
S TOMERRR, F—IRETIIL VYT YHF I Y3
YA Ninfcall D)% 2 FH—rUlED, A FH—n
WF— YK T 712865 T Ninfcall 8 X & Y2 —1)
¥ ¥ LT Ninf ¥ —/ 00 L CRHEER24TS. ¥
RTOHEPETTHL AT F=NE 24T 7 Pid
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5.1.2 BMATSHRECEREE

A —NIHEBO Ninf iRy -2 EBL TS
Y, FRENOHEY —NTREETPOI 3 7HLIE
BLTVA. BIARHSHEEER, CoWBREAVTE
HEF—NTEFTTEVa 7OREMEL, —EULED
RITEHRT AL CERIATWAS, MHISnY s
TRAZF—NEOFETFICF 22— 7805,

HLFEY—NTEFTPOTVa INETTSE, Fb
FRIDOFR S FDF —NTETTRRZBHDOY 3 7HEL
VHEN, FOREY—/NCEREERET). BEOR
ZH—iNit Java CRAENTEY, OB JavaD
wait/notify Z HWTEEEIL TV,

5.2 FE®mH

ERMB L LTk, DEC Alpha (333 MHz) 33 &
DWS 75 A% 2w/, £WSii, 100Base/T ®
ALy FTRBSEINTED, 1E8E2AFH—I0kA B
12, BY D32 5 %FHHY— /L LTRIA L.

MRTO 7T AL LTIHKEEFEEH (density of
states)” 27z, COHHIERSFOREREY,
THROXALETI I L 2L, kDB LT, EXFY
ENRDORN o HFEFNCRLT, BN RNAND
PEZTHAOKBOESVERERLTELNOTH
A, CORERNDOBBEEICH L CERLETS &
HTELLOEFIEHEISHL T2 5, RERBRICBT
AEEAWI—ETLRWY, BECAFESHT LS
LIXEBTHE.

B 5 CABOSfHERT. M ERY, REikto
BEBDOXABESVLIHET 00BN THS.
BEFEERIC L > TELLRE 570, BEBuL
TEMIZTay 2234 2 v 75HILTLAMINS
oflsny, BRflbP I TERV, 3512, ERAK
BB 2 ARIHENCRTFRARTETSHS. SEOE
BRTI2 256 DREBICH LT AR fTo .

5.3 E& L

| ICETHMERT. SEEIL 256 DREE#oD
Ninfcall iSA#IL 22 %R LT3, 32 3#0B &
4 8ODBMMICH LT—HELTEH TS Ninfcall %
R2EETTE. COFFRIFAL2) v 7 ifTo7.

BEOLD, BT A7)y 703298 L THEN
CREBGNE T o8- ANy Z 2 HwTHNE
HE %172 2985 DR OBETRT.

1BTOEFTEAZ L, FRBIHKAT B iconEST

AT — K 1 8 16 32
S#% 32 | 1394.8 | 195.5 | 111.9 | 109.7
64 | 1408.5 | 196.1 | 107.9 | 78.2
128 | 1430.0 | 206.1 | 113.1 | 69.2
256 | 1489.4 | 234.6 | 131.9 | 85.9

H4ET | 18390 | — — —
#47Yy7 | 1380.4 | 233.8 | 165.3 | 94.4
I—ps3y 2 | 13859 | 179.8 | 91.3 52.9

%3 FRARTHTER % DETGH [B] DR

BEEAFKE L oTWAE, ThIFATHF—NTHED
Ninfcall ¥ —F L DT HDIhhbt—/N—Av
FORBIC AL THATE-0THA.
BEFHKTSICoh, ETHFMIZERICEL LT
5, BLARTHRBEELSELHEICR, &8I
BLTEAETIABEBELFEESEETS. 8§HT32H
#l, 168 T647H, NETIWFHSRETH 5.
TEBEZERT EHEINS o T L D EYLAHS
BASTTERIC LR B0, F ="~y FbBKT A0, 7
MRS D LIRIRS 2V, 1 Rd 7 ) 05 RS
HEREHNLITAHSEIIITHTCHY, #hllEICH
RLTHF =Ny FAEL 5 d») TREOHEII
FH5 L2, SEOKRTR, 1EdY 4 FEBEDY
BWMAHMOHMREF —N—~y FOYWAL LTz,

BT 2) v 2 SEE ORBTIE, AR
DA—=I)S—~y FE E@AB7 F)INUF— I 2B,

TNy STk ABWANSREKEBT AL, 25
F—NERVIFEIZIZAPFKRE, TRICRULTO
BEEFZEx1oN5:

o TI—WNy 7 ERAVAEEESIEIERSD Ninfcall L
PIORZVDIIHL, 2T —NERVEHEIC
IX#BS D Ninfcall ¥Thh s,

o XFY—NERAVLHE, £To Ninfcall D7—
INWAZHF =Ty Ty V780, F—yEgE
FETT 5T TME4 O Ninfcall 25R4F Shixv,

o RTEEHREHEIC, TXTD Ninfcall T T 5%
TIFATV I DF—SEEIMTbNL W,

CDIbD 1 HEHRFRYTARTHTH L, BRHD2
DS HOURIL Lo TERTEIRKDOIDTH 5.
07U IIVSDESEPLEXE, Iy
WL BAAMAIRET) SRR ETUSII VIFE
K> TRBTILENDZDICHL, 25 —132H
VARFRERAENLZL, EETLWVWEERS.

6. Ninf-NetSolve 7474

NetSolve® it 7 % ¥ — K% & T Jack Dongarra 5
Ko TRRSNTVILERIARIRATLATH A,
NetSolve D3t HBYIE Ninf L IEHITEL, YA F A
ELTOMK [ RS T8 LTw5, #-T, #HE
DYAFAORBLIHET A 79 ) R FBT 52 L4t
TENE, DHDYAFADI—FDAY) » Ml B,
CRETRICT A DR TOaN | F—F 2 ERT
BTHTIRERTHLENDS.

6.1 NetSolve DBE

NetSolve O %# & 6 2773 . Ninf D 2 57"7' "
IS T3, Agent &IFIENBH 7Y AT LB — 1
DEBREEEL TS, 2y =B —NELT



ist of semeri
sgrver

M\e

716 NetSolve DX

=

etas

7_Ninf-NetSolve 7 ¥ 7 % DIRHL
SEA7REM [#) | 50 | 100 | 150 | 200
FAAFAT2IAT 7} 8.2 | 184 | 333 | 721
Ty 8.5 | 21.7 | 388 | 824
t—ri—-AvF | 03 3.3 5.5 10.3

®4 Nini-NetSolve 7 7 7 7 OBRE
wreT 2oL, Aymu7747/h@§XL

UCEDRMEEFERTREY -0 X 2 RET 28
AEELTHETS. 7547 FIVROFPRLH
UG- NEBIRL, EROHELEKET S,
6.2 Ninf— Netsolve 74 72 DER
Ninf & NetSolve DARE A %179 220 12 WHM
DT7TTYBLETHHN, SEIENinf 7547~ b
»5 NetSolve DEHEN—F > 2 FBFUHT 0D T ¥
SEMRELAL. COoT7YTSIR, BTIRRT I
Ninf iZ BWTI3EHEY —/s0—>2 & LT, NetSolve i
BWITiRI 347 bo—2k LTHRET 5.
A7 F¥T 7L Java TRBEh TS, T¥T77IikL
ToR#ERS.
o NetSolve D EN—-F VDA v 5 —7 x4 AE#
% Ninf OEHR~LHR
NetSolve DA ¥ % —7 x4 AFRI Ninf o b D L
TITEMIIE, BENE(RLEIOTERILE.
o BERXRINDF— 5 OMELTHR .
NetSolve i3¥ %7547~ MighHEHEL LT For-
tran %, Ninf TiR.C 28R L T 520 MRITA
FIORBIESERL S, ZOd, 77 E—Emic
¥y o vy LERBLTHURT Z LAUE.
6.3 FmEFM ,
7Ty OB THET B O I TR EREIT
7z. NetSolve ® Agent ¥ LTIt comet.cs.utk.edu I
BB SNTWB/TY v 2%k Agent BV, NetSolve
AAFATOIFAT P AVEHAL Ninf 7 I
ATV P77 ERALTEGTTHHEEHBL
7z. NetSolve TiXERRICFIEIMTbh B HEBMLERE
BETAHSLRTERW, SEOERTIERF LD
dancer.cs.utk.edu TEBEOIEAFTON:.
§HHV—F > & LTk LAPACK ©o—#T, Linpack
benchmark & i3 I2%1fi% degsv % Av2/=. ‘BEH¥ 1 X
i% 50,100,150,200 & L 7=,
TETIERAVAEHEDF —X—~y FIRELRD

T A Do TRELHMT B LA FHB. 2D
IR DELRFIBE R HRFIDEJRIRPSNT
w2t Bbhs, H~#ZIE Ninf & NetSolve DFE K
MEERPLRLOOTRIABRTH LA, EEROTRIC
LoTaA L RBRTELLELLNS, '

7. REEHESHEOFE

ERETRERHRE AT ADTa TRy Va—-) v/
DEHDOTFHHEEL LT, WANIKBWTHE—¥1
b BT A PCRBSWIEBOI 4TV 2D,
FHEA - NS L CHEER L T 2336 DT %
To7z. #0#%, EEIHEOFETIE, 2947V
DHRBEHFC I THBAMOREREIRN LY,
F—NROFHEDEREBTELWI LGP/, o
T, Ya7Ar Va—1r ZB0TH - NORHLR
BWEETEERT L L, EXLRBOBBLBS. %
2, L —BHEBRETCOMBTFH I aL-—Ya D
OO LTFEF IV ERELI:.

S5, BEEEREDTVWALERAY Va-Y vy
F =X A 24— NOBYEIBR S RARIEIC BT 2R MEER
AT, BT A 2 v 2 3EIHT BT FNAYT—
VERHREL:.

B2 Ninf 257 % ¥ —K% L THREHD NetSolve
OHEBEEFAET 2007y 77 OBEL THER
BRIIOWTOHHREL:.

SHBOBREIHEFHI I V- 3 Y EEBITD
Z ¥, x#%—s5 Ninf-NetSolve 7 ¥ 7 ¥ DERKE
YMEtTazLThsb.

Wi AKHELTICHID, TEEFUICIHRTE
Wiz, BAEREF (BIK), MOTMK, BBEAK
(BAEHF), EH=AK (RWC), RIBZERHIE (BFXK)
CRCBHELET.
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