FIT

. Hof
e

&
s

SCore Workshop 1
2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005



Q
lllllllllllllllllllllllllll FU] ITSU

Fowarsd v SCoro

e SCore+PMMD B ELTEE=HD
« PMEIFEDER
e 10FFEH>THT

o HLLVEEHBEPMXDEFEINNR

« #E#Gigabit Ethernetz FALV=1R{E 148
PM/Ethernet-HXBIZDU\T

SCore Workshop 2
2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005



(o9
THE POSSIBILITIES ARE INFINITE FUJITSU

@ SCore VS5 ARARAUV AT LY IR)xTF

Vo lly 8 Y ¥ D 2
e 1990FERICRWCT AL U FTHIFE
oy TT)r—3> (MPI7Tusr—aay)
R4
Ya—73., omni ]
FIvh OpenMP |\ /15~ o ?
*g% ;;I‘ _~SCASH IMPICH-SCore | | pBS/SCore :f\
% Y > o — o W o —_ €
18 L\ SCore-D 7 A—/\)LARNL—TA2V I VAT L |
*‘yl\lj_ —_— il I S — I-I
HOFELEIC PMv2: S 1EREBIEHE
REFELEL PM/Shmem | PM/Myrinet | PM/InfiniBand PM/Ethernet
=R E .
BlrE%E PM/Shmem | PM/Myrinet [PM/InfiniBand PI\éI\/_EEPer{net =2
=5 N2 WA NoZTA NoZ A 77! INUX ¢
B E e FNARES A gz'::
— =
Myrinet NIC InfiniBand NI(
http://www.pccluster.org v or—2:7 e 97—sm=7 | Ethernet NIC
SCore Workshop

2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005 3



(o9
THE POSSIBILITIES ARE INFINITE FU]ITSU

@ SCore+PMM B ELTERLD

Fowarsd v SCoro

o V—LLARYSARZAVEA—TA2YT
- 7ty Y RURT—UDENEEHLGL

. BftEe. HiEHE
- BWPIUr—arttae
- FYIRAR) R EZ—
o« A=AV —2 . TOTSLEENSEITET
- JRTIEVT . TINVT Fa—ZUTRADY—IL
o MPI. BRIV /NS, T/\YTY—)L
- BTS84 L TIILFI—HYE—K,  FzvoRAUk

o PCOSRAMBAHNEZTLZZBLIHITTI0E

SCore Workshop
2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005



(o9
THE POSSIBILITIES ARE INFINITE FU]ITSU

© PMv2mBIELTELLO

Fowaral Y SCorn

e ELVEIEMERE(1995-)
- BANURIE, BB ERIE
o SEEREED Y R—bF
— =LA AZEIE (1999-)
. RILFHRYRT—HHR—k

c BH—RyRNIT—D OISR RIVFRINT—DDOSR43,
DS RRof HS5RAR

— RDMAJ& {E (Zero-Copyi&{E) (1997-)
- FyIIRA k1) RE—FH7R—1(1998-)

PC custer
SCore Workshop 5 Consortium
2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005




© pPvmv2EE

Fowarsd v SCoro

(o9
THE POSSIBILITIES ARE INFINITE FUJITSU

DR

o IFOSHBEIET7ORIILANEBA —/\NYREEYRKRE
SLVEEME(E/\VRE, BEE)ZFEIRT H=-60IC
FFEINT-

o BAFELHHDPMIEMyrinetE,

I THHT=H. PMV2Hio4E

HREEDORYET—OZ Y HR—EL TS
— PM/Myrinet, PM/Ethrernet, PM/Shmem, PM/SCI,
PM/UDP(Agent),PM/InfiniBand (-FJ[Fujitsu], -TS[TopSpin])

SCore Workshop
2006 in Kansai

PMv2: High Performance Communication Facility

PM/Shmem | PM/Myrinet

PM/Ethernet

PM/InfiniBand PM/Composite

PM/Shmem
Driver

PM/Myrinet
Driver

Myrinet NIC

PM/Ethernet
Driver

Ethernet Driver

PM/InfiniBand
Driver

Kernel
Level

Linux

IB HCA

PM Firmware

All rights reserved, Co

IB Firmware

l“ 3.
Ethernet NIC B




THE P;s:;”” RETNELEITE FUﬁTSU
o) PMv2D #4&E

Fowarsd v SCoro

- S%EERE:

— Ayt—@IE EZero-Copy@IE
EHEFEDRYNT—0FHR—b

- O—ALALRGBIEREZER
FrRILEAVTEAMI LD ZELRIE

— FeR)LILBERK. VT EFIMNEIBEDIKEE
— RIILFA—HYTOISR2FEEMEMIZER
/—RERE 7O S LTERAEE

— SMPO S XA EMZHEITTSCore-DAFIALTLNS
WNAWNATE#EEEZEH DPMZ BN AI BE

- BIEJOT77ASRALE

SCore Workshop 7
2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005




THE POSSIBILITIES ARE INFINITE FU]ITSU

@ PM Development History

Fowaral Y SCorn

e PMIX19954F

FIXEK (R, ERHD) ICKYRFE

— Myrinet& F, Sun SS20s, SBUS, SunOS 4.1.x
« 19964F . Pentium(NetBSD) EIZF&tEE 1=

. 19974,
. 19984

Linux|Z#%4&. i386, Alpha(SCore 2.x)
. GigaE PMBA%

— Gigabit Ethernet £ D PM

e 19994 EfFERvkT— %t (SCore 3.0)
— Ethernet, Shmem, Myirnet, UDP

e 20014,
e 20034,

SCore Workshop

2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005 8

SCI, Myrinet 20004 7R—
InfiniBand, Myrinet XP(ZXP)ﬂ'z‘I'f—




V]| lTSU
@Pl\/lvz = %8 ﬁ1—0)7°—&>0)¢3‘zm

Fowarsd v SCoro

\

EREMLIEFEEERELI-T—20 5 L1818 PMv2
— TCPIPFIARILIVAR—ADBEIKRREI SR ZIZILBESEL
o A—HLAJLEIE: PM/Myrinet, PM/InfiniBand
- BEERYNT—ID=HOIZO AT LA—ILDF—/1 AN EIE
« Zero-Copy 1#18: PM/Myrinet, PM/InfiniBand
— RARCPUDIE—F—/INYK [ AEYNUNEZERIL . &LVE1E
NI REZE R
o Network Trunking : PM/Ethernet
— EHOENemet NICERWLWTEH LW\ RIEHREFEIR
o A—FIJLLANJLD RMA: PM/Ethernet-kRMA
- EZEDOREELIE—F— /I \ANYREIBTELEE/\VRIEEER

eﬂ-mr ‘
SCore Workshop 9

2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005



REVS AWM E Y —Ialr R ShES- FujiTsy

Bt R — /\://\4/I~77Z'37’C?“'1 ]
PC Cluster A_

512nodes” TO%CPU(CPU*Xe—on‘aOEGH‘zz XP Fortran
Peak Performance: 6. 2 TFLOPS, ] MPI

~ Linpack Pé&rformance4.5FFLGBS feUsers
Interconnect: InﬁnlBand(8Gbps) ot

' I
Total: 1024nodes/ 2048CPU \
Peak Performance : 12.4 TFLOPS Firewall/VP
Linpack Performance: 8 ] TFLOPS

N router

512nodes/1024CPU
[1 28nodes/256CPU] x 4 sets

Pﬁormm 6. E‘FL@S 1158 | Front—-end Machines
Interconnect: MyrlnetXP(ZGbps) 2004/ 6 : TO pSOO Rank 7

and T’opSpln‘InﬁnlBand(8Gbps 2 O O 5 / 4 %.. 3 4 E ZF }__‘!:
PG Cluster B/C/D/E | FETRE XEFEE

P ris,
SCore Workshop x i =] ﬁ =
2006 in Kansai All rights reserved, Copyright (C) F_,




O

THE POSSIBILITIES ARE INFINITE FU ITSU
@ rmv2iz81+345280f95 R
DSRAR
YT —4
InfiniBand I\/Iyrinet)L(P InfiniBand
PC Cluster A B C D E
5128 12845 1285 1284 128&
(1024PE) (256PE) |(256PE)| (256PE)  (256PE)
Ethernet

o HFEXIZKYPMZAT I BIEHELXBENLEIR
— /—FRAIZEH AE! : PM/Shmem

— DS ARAZANE ISR Z221y T —%: PM/InfiniBand,
PM/MyrinetXP

SCore—WO?ksh?pZGl [a] [ Ethernetry k7 —%7: PM/Ethernet ” PC st e

2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005




THE POSSIBILITIES ARE INFINITE FUﬁTSU
© 1oEg-THT..

Fowarsd v SCoro

o« BHITHMPIZURAALELTOFRIAINZLY
— ¥FIZEERIFIETITVr—av @R D0
o ISVHR—FAVEERE
— ET/\1F ) Histatic. /N\—a EBIZISVIZ G KEE
o N—RILANDEENYFNEADEEIC
— RedHat AS7& &
o HR—rRYNT—IOMNZLLEYSATIYEX
— MyrinetfZI+ T35 %8
o FIRAYRT =0T /INA X%t DBl RE
— TINARERERAMLAENERETELLN
— Y R—FDEE

SCore Workshop 12
2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005

19

[



v e TSy
© pPvxpmEtigst

Fowarsd v SCoro

« SLVREMHEEICCI=DS
- INDBPMXDEFELEESE

o JYLLFE-TESLZDLDIT
— Kernel~MD/\wF AR E1{L

— ISV/ALF 1) B iR—bed1E
e Intel MPI®DDAPL T 7\ R1Z##£(DAPL for PMv2)

— BEEAA—T A ADH7R—: OpenlB for PMv2
« ST DFEEELE
- YD =T INA RZEETHIZA—F
—~ RUA—BIETAMT7 3 BESATSV)ETR
 Myrinet, InfiniBand{tt

SCore Workshop 1 3
2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005

[



THE POSSIBILITIES ARE INFINITE FU]ITSU

© PMXDHHMREZET

Fowaral Y SCorn

« PMOAPIEALOOHTRISYFILIESR
— IZ#API( Ex. DAPL, MX etc.) R—ZXADITEH
RETL CHRSE TERmE1THE T
e DAPLAR—X: i 5|5+ H R E T4, APILIENEY

. !zgns PI\/I/I\/Ivrlnet MX, DAPL for PMZ %18
- T—T—L, PM APH DWTIESRERBLTHRRERT D

[

SCore Workshop 1 4
2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005



(o9
THE POSSIBILITIES ARE INFINITE FU]ITSU

® pPuxTIUAUZ

Fowarsd v SCoro

o« SLVBEMERICCEDS
— RILFY2OTOMHREMR L PM/Ethernet-HXB etc..
— FRTINAZAADFE: PM/Myrinet-MX,
e KYULLE-TELSI=MHIC
— LinuxhA—RJILAD I WwFELLT
— Intel MP1H-7R—k (DAPL for PMv2)
o« VT I DOFEEHIGHELE
- A—HSA4TI)DFAFZyya—Frit
— /—EUHIBE D $#HUEE
— RUF—BIETAT I  BESATIEDHEF:

¢ Tt
— 2.6—RIL XTI
SCoreWorEhorRDMA0)64bitJXq{|-F§ 15 E&rﬂg‘

2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005



THE POSSIBILITIES ARE INFINITE FU]ITSU

® PSS

Fowarsd v SCoro

o BRICEELEFHA(SCore 5.8.3)
- A—HSA4TF)DFAF3yya—Fkit
— LiInuXA—RILADINYFHLLT
— 2.673—RJLXT it

° %% .
— /—FEUHI R o Uz
— Intel MP1H7R—k (DAPL for PMv2)
— RDMA®64bit*F s
— PM/Ethernet-HXB

. SHET
— PM/Myrinet-MX: 2—*%7 vk &L TMyrinetl0G
— OpenlB for PM

PG ciuster

SCore Workshop 16 Consortium
2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005

« A



THE POSSIBILITIES ARE INFINITE FU]ITSU

@ PM/Ethernet-HXB

e PM/Ethernet(19994F B F) A o645 . Commodity vk
D—%ZEo-RBODBEEEEEY =0T
- BERAVA—arIMIENEITFENSD?
e PACS-CSURTLMAIFTIZHFE:
— PACS-CS: LR RETEM FHAR U F2—THFEFD
14TFlopsMPCHOSR4Z

° n2n+:|/’t'7|‘
— N\VRIBR—Z57T )L: Gigabit Ethernet 10895 X E T
— F#EA RO —: Fat Tree, Nth-CrossbarfE &
- BWGDVDBAR— R VFTHF/ —F =46

=

o« FKKMBPCCCIZContributionF 5
PG ciuster

SCore Workshop 17 Consortium
2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005

=



(o9
THE POSSIBILITIES ARE INFINITE FUJITSU

©® PACS-CSOIFE

« 5TE/—F: -
- IA32E # 2.8GHz Z%H - g
Lug 7Rty /—K A
—_— . = - - ‘ - .
- VSR 515 A : Gigabit %z
Ethernet x 6% #f o %
i

750MB/s (1.5GB/s) Y EH a‘..y‘

— 1/OHA, EEHEthernet
ORI —HEEAAR
— 3R JtHyper CrossharfEd )

(3,0,0
AXAXA D HE 451
° /—Fﬂ;& | VAR N (Kb

Y Ethernet SW

— 2560/ —K (16x16x10) e X 23?:.‘6{’&7?7

SCore Workshop 18
2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005




O
FUJITSU

Fowarsd v SCoro

« REthernetZz AL ViEB{E/\w I 7 TDZero-
Copy BIEZEIR (CNFETIL1Copy)

o 1R 3 LA —INAYREHIE

THEE7

]]IIII
-

VAL

ML, SREIXTHEKXTE

PC cistr ‘

SCore Workshop 19 Consortium
2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005



(o9
THE POSSIBILITIES ARE INFINITE FU]ITSU

@ PMI/Ethernet-HXB O 1 BE

Fowaral Y SCorn

« Xeon 3.6GHz(EM64T) L D14 gE
PM L AL [ PMLAJL MPIL )L
B 5 ] 5 ] B 5 ]

Giga x 2 247TMBJ/s 481MB/s| 244 MB/s
Gigax 4 494MB/s 876MB/s| 493 MB/s

Giga x 6 740MB/s 1190MB/s| 737 MBJ/s
3D:1400MB/s

Giga x 8 918MB/s 1202MB/s| 862 MB/s
Gigax9 | 1035MB/s 1210MB/s| 858 MB/s

3DIE3RITTERRE . Z DMIFLRITTERE. MPIZIE T 0SS LFIF
SCore Workshop Consortium
2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005 20




THE POSSIBILITIES ARE INFINITE FUﬁTSU
15| R FT—2 1 EE: MPICH

e Xeon 3.6GHz(EM64T) 4 NodeD#& & MPICH

3.9
O TCP/IP
3 B HXB-x1
g O HXB—x2
i 25 _
H O HXB-x4
&
% ) B HXB-x6
i
3

-
—h
o1

TCP/IP|

0.5 [

0

SCore Workshop
2006 in Kansai

IS ClassB FT ClassB CG ClassB LU ClassB
All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005

PG cuuster
2N



TR AR FUﬁTSU
@ MPI@{E 4 8eLLER : MPICH vs YAMPII

Fowarsd v SCoro

. PI\/I/Etherne_t-
BEZ I B,
« YAMPIIF]

SCore Workshop
2006 in Kansai

All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005 22

B S Sy N
I CI00MB/sT T AN BIEEZERK

MPICH MPICH YAMPII YAMPII
R 77 [\ R 73 [\
Giga X 2 244 MB/s| 478 MB/s| 244 MB/s| 490 MB/s
Giga x 4 493 MB/s| 791 MB/s| 494 MB/s| 896 MB/s
Giga X 6 737 MB/s| 811 MB/s| 739 MB/s| 937 MBI/s
Giga x 8 862 MB/s| 800 MB/s| 915 MB/s| 932 MB/s
Gigax9 858 MB/s| 790 MB/s| 890 MB/s| 921 MB/s
HXBIEMPIL X)L T800MB/sLL ED 1%

L9 T4 RE

[



A . THE PUSSIBILITIEiAREINFINITE FUﬁTSU
@ MPITEBELLER : NASHE FII AR FT—

Speedups of NPB Class C on MPICH/YAMPII

1.60

@ MPICH 1R3t x2 B MPICH 15t x6 O MPICH 3RJT x2
1.40 O YAMPII 1%5T x2 B YAMPII 15T x6 ©E YAMPII 3% 7T x2

1.20

1.00

0.80

0.60

0.40

0.20

0.00

IS CG LU PC ciusier
SCore Workshop 2 3 Consortiom ‘
2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005




THE POSSIBILITIE SAREINFINITE FUﬁTSU
& FED

Fowarsd v SCoro

« PMIRIEHIBED 104
e PMXNDIEE

- SLVEEEREICC=EHS
« EHARYNT—VIZLBEE/NVFIRDM E

— KYLLESTELI=HIC
o« INAF)E#2, ISVt

— T IV DRI
e PM/Ethernet-HXBMD#FE L4 RE
e BE TERONIELALLBELNLF

[

SCore Workshop 2 4
2006 in Kansai All rights reserved, Copyright (C) Fujitsu Laboratories Ltd. 2005



