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Multi-client LAN/WAN Performance Analysis of Ninf
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Rapid increase in speed and availability of network of supercomputers is making high-
performance global computing possible, including our Ninf system. However, critical issues
regarding system performance characteristics in global computing have been little investi-
gated, especially under multi-client, multi-site WAN settings. In order to investigate the
feasibility of Ninf and similar systems, we conducted benchmarks under various LAN and
WAN environments, and observed the following results: 1) Given sufficient communication
bandwidth, Ninf performance quickly overtakes client local performance, 2) current supercom-
puters are sufficient platforms for supporting Ninf and similar systems in terms of performance
and OS fault resiliency, 3) for a vector-parallel machine (Cray J90), employing optimized data-
parallel library is a better choice compared to conventional task-parallel execution employed
for non-numerical data servers, 4) computationally intensive tasks such as EP can readily be
supported under the current Ninf infrastructure, and 5) for communication-intensive applica-
tions such as Linpack, server CPU utilization dominates LAN performance, while communi-
cation bandwidth dominates WAN performance, and furthermore, aggregate bandwidth could
be sustained for multiple clients located at different Internet sites; as a result, distribution
of multiple tasks to computing servers on different networks would be essential for achieving
higher client-observed performance.
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Fig. 2 Client and server machines in the LAN benchmark.
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%3 1PE fi® LAN TO#$Z 74 7 MZ X 5 Linpack ZITHHE
Table 3 Performance results of 1-PE multi-client LAN Linpack.

MR8 [Mflops] An—"7v k [MB/s] P—r P
n c max/min/mean max/min/mean BR AR
1 72.71/69.90/71.16 2.57/2.42/2.48 12.63  0.68
2 72.01/64.33/69.63 2.52/2.10/2.41 20.86  1.20
600 4 72.40/43.85/67.05 2.55/1.89/2.34 42.03 1.99
8 72.04/17.44/49.02 2.55/0.60/1.87 82.20  4.90
16 64.13/8.12/21.27 2.25/0.24/0.86 98.66  13.21
1 95.06/93.13/93.40 2.58/2.49/2.53 21.40 1.06
2 96.09/54.10/89.90 2.51/2.25/2.42 37.84 1.62
1000 4 93.64/59.92/81.39 2.58/1.47/2.11 76.02 3.58
8 83.91/30.79/46.48 2.39/0.65/1.35 99.38 7.72
16 33.24/15.26/21.14 1.12/0.31/0.57 100.00  16.01
1 115.01/112.26/113.65 2.58/2.51/2.54 24.27 1.19
2 113.58/85.15/110.48 2.54/2.36/2.44 46.95 2.19
1400 4 109.54/70.89/93.35 2.44/1.60/2.19 88.40 4.14
8 64.74/42.17/50.11 1.72/0.81/1.21 99.97 8.53
16 27.87/19.41/23.93 0.74/0.38/0.51 100.00 16.64
%4 APE RO 747 M X5 Linpack EITHE

Table 4 Performance results of 4-PE multi-client LAN Linpack.
HERE [Mflops] AV—7v F [MB/s]  H$—s%  H—n
n c max/min/mean max/min/mean BR A
1 94.05/81.76/91.46 2.55/2.40/2.47 14.89  0.87
2 91.05/21.62/83.17 2.46/2.04/2.36 27.56 1.42
600 4 92.58/21.70/75.83 2.52/1.17/2.12 53.56 4.06
8 89.35/24.31/51.51 2.50/0.55/1.36 90.00 9.98
16 56.73/8.87/18.69 1.83/0.19/0.46 99.85 19.96
1 150.96/70.39/141.43 2.56/2.46/2.51 28.64 1.45
2 | 148.92/62.15/127.63 2.52/1.87/2.28 55.56  2.89
1000 4 134.26/61.01/92.98 2.53/0.98/1.56 87.90 6.02
8 67.14/27.76/45.85 1.21/0.42/0.69 99.61 11.01
16 32.22/13.93/20.33 0.59/0.20/0.30 99.99 24.81
1 196.08/174.28/193.03 2.54/2.47/2.51 40.87 1.86
2 184.17/139.53/157.98 2.48/1.80/2.13 66.79 3.17
1400 4 119.26/74.88/96.26 2.16/0.92/1.26 96.80 7.53
8 69.26/34.23/48.27 0.91/0.43/0.59 99.86 15.11
16 35.27/17.80/23.25 0.48/0.21/0.28 100.00 30.29

%5 LAN TOSMP O#i$2 54 7 Mz X5 Linpack E{THE (¥ 22 A5

Table 5 SMP multi-client LAN Linpack results in a task parallel manner.

H:RE [Mflops] AN—Fv b [MB/s] P
n c max/min/mean max/min/mean BER Ak
4.37/2.98/3.80 1.36/1.07/1.18 49.92/6.08
600 8 4.25/2.73/3.51 1.05/0.14/0.37 62.91/8.84
16 3.77/2.03/2.81 1.40/0.10/0.34 89.89/15.37
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kL TWpdZ L, v F ALy RO co-scheduling

EToTWRNWI LD, ¥vyia [TLB IA%H
DALy FEIELOF— S~y FRBEEL LT L&

Abhb.

4.2.3 WAN TOE—YA +, EHISAT7U RIS

L BAEHER
WAN CTOHE—YA &, EEI T4 7> M X D3
TiE, Y= NZERE U< BT HITR AR O J90 % H
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Table 6 Single-site, multi-client 1-PE Linpack benckmark results for WAN.
H:RE [Mflops] AN—7y b [MB/s] =%  H—x
n c max/min/mean max/min/mean B® -ty
1 7.81/3.25/5.90 0.166/0.067/0.128 4.22 0.37
2 5.93/3.63/4.69 0.122/0.074/0.096 8.03 0.49
600 4 3.63/1.22/2.41 0.075/0.025/0.050 8.34 0.47
8 1.47/0.59/1.14 0.030/0.012/0.023 7.80 0.46
16 0.69/0.37/0.54 0.014/0.007/0.011 8.10 0.46
1 | 12.05/4.41/9.28  0.164/0.054/0.123  5.26  0.39
2 8.47/5.81/7.18 0.104/0.071/0.088 9.00 0.52
1000 4 4.38/1.84/3.66 0.055/0.022/0.045 8.83 0.52
8 2.27/0.99/1.83 0.028/0.012/0.022 8.39 0.47
16 1.18/0.54/0.90 0.014/0.006/0.011 8.22 0.47
1 17.32/9.93/13.89 0.164/0.090/0.130 6.57 0.41
2 11.22/7.91/9.29 0.099/0.069/0.082 12.75 0.66
1400 4 6.47/2.15/5.38 0.058/0.019/0.048 9.46 0.52
8 3.03/1.31/2.50 0.027/0.011/0.022 8.89 0.50
16 1.58/0.76/1.25 0.014/0.007/0.011 10.60 0.57
£7 WAN TOH—%A b, APEROBEEY 747 M X 2FATHR
Table 7 Single-site, multi-client 4-PE Linpack benckmark results for WAN.
88 [Mflops] AN—Fy bk [MB/s] H—s  HF—nN
n c max/min/mean max/min/mean BEE AN
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  8.71 0.53
16 1.36/0.47/0.88 0.016/0.006/0.011 8.75 0.49
1 | 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

W, 75472 MUIBEDKEZFKFD SuperSPARC

(50 MHzx2, 112 MB) 8 BHKO WS 7 7 2 % %
FIFAL7. %& 6, TIZ1PER, 4PEMROETHRER
7.

1PE i, 4PE RROLEETIX, LAN TOFHME & R4k
OEMB R b, WAN TEAT S 4PE THETT
57477V OBRBEE LN EHHCcE 5.

nBRELARDE, FTRARALI I ICHEERICRL
THAERBEN LRA/NIWZD, WANIZBWTYH
Ninf_call DYEREIX I L35, —F, c B3EMT 3581
IFGAT Vb - —NEICEBEDOT —FEEBEZD,
WEANL—Ty FORTHRE LY. D7 HHEMNERH
72 VIZEIZET 5 Ninf_call DEBBAI L, ¢=16 L7z
TH—OBRBE, AL bICRBEER L.

ZOEIICBERDIRIEAY NT—7 AN—T» R T
1%, RUYA boOBREEROHAEZEERA SNIZE
B, tHRMEETAETSZ ALY, Lo T,
P—ROBBRPLANIT T, Xy VU —7 DR
BARH AT OJRIRELE % B8 L =it 2 A o8 T v
Y AANPSBETHD.

4.2.4 WAN TOEHEYA +, EBISA4T7 VM

K BHAIERER

WAN TOHEEY A b, BT 747 ML BT
X, 77472 b LTBEDOKLTFKE (Ocha-U) ,
FRKY¥: (U-Tokyo) , AHBRIEKRY (NITech) ,
KR TEKY (TITech) ®45D% A rD~< & F|
ALz, = NXETFERRETEFTO J90 Z Hv
7z. &Y A4 FTHW=~YY, 7747 b -3 —[H
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Fig. 7 WAN multi-client benchmarking environment.
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Fig. 8 Multi-client, multi-site WAN Linpack benchmark
results.

® ping DV A7y, FTP#@EEANL—T > b, bR
aU%E 7IZR”T. Linpack ®A—F 1% 4PE k% A

W, BYAL FTOIITAT M elxl, 4, REYA
Anix600 & L.
B8 iz4>0% A FEFAL, ¢c=1 (k) , c=4

(F) &L E2DETHRELRYT. WBOD, H—
%A & (ETL-Ocha-U[#) TOETHERbRLEZ. H
HHZIIRIEY A X7 T4 TV M ex A M ER
L, fEEicizZzh2h, Ninfcall OEFMEEE &8 X
N—Tv FDRMERLTND.

BEY A N EHWEA O ETL-Ocha-U M 0 #fF
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AN—TFy MIE VA bOHRDFA L BT B L,
c=1DLETI~I%, c=4DLET18~44% L
BETLTWARNoT-., LEER-T, BEAL—Fy hD
BRIIEET A bV as TRERASHDIEA, &7
FAT Vb -P—HT1Ix1 D& BRI DHEE
AN—Ty N XY KIBIZEESDZ EBanD. — D
CPU 0=, AR EHMEIZOVWTHHEEY A Fok
BEVEE 72> Tz,

BEYA P Tec=1,c=4DEEEHKRTHL, &
EAN—T> PORGLOXIZLDEERHDHLOD, %
7747 v N TOREMERRDEITADRL, WANIZEBW
T 1 % 1 OBFEMERICL D HERESFIR IS Z Ly
Motz

i, —MRIZT TA TV M E Y A Ao &
DY — NOFFEMEREAFEILTLE S & PRI S,
CPUOB@HEIZc=1 (Ft4) O&xT20.2~30.3%,
c=4 (jt16) L& T27.1~342% 1L E¥E-TE
D, ATEHEICONTHRAETHoT. LizdiaT
BEY A FEAVEEHCEO TS, BEEOSVEE
TiEFy b= OATIC L D HEESRE S 2D, P—
NOBBE, AFTEHEOHEZER L THEI AT
WMREBTERNZ RN 5.

4.3 EP IZ&55HE

EP ix NAS Parallel Benchmarks'! o —% 17
a/7AD12THY, REGRIEIZ LV —#EEHE &
OEHESEEERT MW REL T IR I 2 b—
varThd. Ninf ZHWRUFw—27 T, &K
EROBITE Y — A ETT Y. BERIXMEY A XX
53 —E T O(1)bytes, HHEEILAELIZE AR L E$K
L, RATEES 2" L& 2" LB, L7ekoT
Ninf_call DFTERE % ThNinf_can &35 & Ninf_call ®
PEREIE Phinf _catt = 2" /TNing_can P & 9 12T 5.
Linpack (3818 DA —/3~ v RBBETEL L3V olest
L, EPIXEEOZEMELALENRNE VI WEE
.

ML LAN/WAN 128\ T 4.2.1, 4.2.3LRALE
BETiTo7lz. EP A—F i3 224 @ (Sample) ORFT
1TV, 1PE THEITL 4 ¥ A7 WATICAEE W e/ T A
AR K 1Y

4.3.1 LAN/WAN TO#EHKISATUFIT&LD

EP QAIEHE

K 8IZEP ® LAN/WAN TOBE¥KZ 547~ k
Ik BEITHEREZRT. 4PEHERO J0 XL, &
Ninf_call X 1IPE CTABE EIND720D, 7547 Ml
2% 4 £ TiX Ninf_call DYEREDSHERF S, c=4DE X
P—NOBBENIEE 100% ITZE L. —F,

c=38,
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Table 8 Multi-client EP benchmark results for LAN and single-site WAN.

¥ I4 7 Mz kb LAN/WAN TO Ninf DR

:#E [Mflops] TEIEHAH [sec] P

n c max/min/mean  max/min/mean B / Al

1 | 017/0.17/0.17  0.01/0.01/0.01 30.51/1.44

2 0.17/0.17/0.17 0.01/0.01/0.01 53.86/2.39

LAN | 4 | 0.17/0.16/0.17  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

16 TiX Ninf_call DMEEES 1/2, 1/4 &7eoTW . &
TUX EP CiH@EEERD W2, LAN/WAN & bic
Ninf_call DYEREIZIZ & A & — OBENIREE D HIHKTF
THEOTHD. £, BEYA NEAVWEEETHR
ROBRERPIROND EEBEZOND.

5. & B
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BWETH DA L I1IT R Y, Ninf TIXEHEEAET
P2 DERPHEKR T ETRENS. Lo T
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BT 2 =0 OREEHT — 4 — 2 27 212 [z
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bB. Lo T, HEEEHROY a 7 LBEREEERD
Va T EEY R — NIZA LY —NENLTIRY 2T 5

Zlicky, HERNOEZFIMEL Y 74T MEMME
RESHERFCTE 3 L PHISNS.

52 H$—nOTaINVEFYUTAYYFR

Ninf VA7 ABEH T 54 7~ M INDRILT
ThH, FEINERRZEL L, —0OB@HEL R LS
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Served (FCFS) THILIND7=, FEIDIRE R
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FBATHILICLY, INERR - BEROKENHIMF
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ATz L2k, 27 ARERH %S LT
b, WEHRY AT LMD ENED S,

5.3 WHHDI-ODINFTITREDa—YYvyJ

AR TV —¢ LTAPE #® J90 & 16PE #5i%
@ SPARC SMP %z, PE#OHEMIE LR N1
TaZET PEROBREEEY a THORF Y a—
YU 7 RREEIC72 5. Ninf Tid IDL (28~ 72 E#H %
ffmL<BIF 0T, MEYA XL CTRIAT S PE
BORBRBZN—F U EROHTZEHAETHS. L
TeBdoT, AgVa—YrIDF—1"~y REBIx
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I TEB.

—F, #E a7ty SN —F~DELTE
Zx25&, BIFNE (FCFS) TiXEHEDY a 7 R3FEITH
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6. BHE® R

F % v — K% 0 NetSolve®) 1% Ninf_call & iZIFRI%
O API 235V AT A THY, Agent &FT 27
ok X% L CATOHE EBR T 5. Ninf & ORIFH

EWE LT, NetSolve TiXZ 747 bbb a— K7
FTRA PP —NZEELTHHIZa ALY
YO LTCETTDILNARTHD. —FH, 7—47
O — %N L TR Y 2=V 56 DB Y—/3~0
APILII Ninf MED LD THB. THETXE2NTHZ L
XY, Ninf 7 74 7> 5 b NetSolve Hr— 2%
gREINTNWDTAT75 V%, NetSolve 7 7 AT v b
5 Ninf O —NZHEKSNTWD T A 75 U ZFREOH
TILERFARETHD.

ETH » Remote Computation System (RCS) ©
BEEDA—Ra vy a—FefE— LA v F T x—2R
THAT 57290 RPC #rEX LT 5. BREL 1 i
PVM ZHWTWA e bRBRHAEICEH L TELT, 77
A4 7> b API 23 Ninf & 387 0 IRMEIZRIT 5.

Ninf, NetSolve, RCS X RPC X—ZAD Y X7 A
Thdd, FV—"HEEOT —F7 7 F ¥ IZF2—
ST SNEEE - WRERTAT TV EREET 2L
NAETHD. e, 2—FoRB LIz —REH—2
WZHRE L CETT B VAT ALY b REME ORI LB
MBS THDLENWIFIEARDS.

Legion 347V 7 "R—ZADHBEITRETH
D, ZLOHEBRREZHEA LA HEKEZ ELRT
%. Legion TIIV AT AVLNLVDRAYT Y a—T kil
P, KT TV =y a VB LA Va—Y VIR

=&Y, 2P LRATRFVa—Y VT EITD

GBTu I IvTeXBTT2AT7V=/ MERSE
Mentat'® [2 X W Ehhie s T4 7 > hOa— FOFEFF
(2% LTI, Prophet'® Itk o> TAF Y a—Y L 77
BThD) .

Globus/Nexus”) DX 5 IZV AT LT —%F 7 F %D
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