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Storage and Transfer Solutions
 Between Clusters

by P. Lombard, Y. Denneulin and C. Guinet

Abstract : Beowulf (Linux) clusters are more and more used and have been in the TOP500 for several years. Most of the time, off-the-shelf hardware ships with hard-drives but systems using the unused disk space are few and far between. NFSP aims at offering a  transparent aggregation of those disks through a NFS layer and at offering improved performances within a cluster. GXfer is a software layer that implements an efficient and adaptable  functionality  of inter-site transfer thanks to parallel file transfers. Other tools (Ka-Tools, OAR) are also developed to ease the installation and administration of such clusters.
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NFSP

NFSP stands for NFS Parallèle and is a distributed version of the ubiquitous and classical NFS server. Thanks to data distribution, better performances are achieved and unused storage aggregation is offered.

The clients have a single view of the server and requires nothing else but the standard NFS client support available in most (if not all) Unix flavor operating systems.

NFSP is an INRIA Open Source software and acts the role of storage component within the RNTL project named E-Toile – project which is carrying experimentations on clusters of clusters.

GXfer
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GXfer is built in a way similar to NFSP and separates the handling of meta-data and data. Yet, it is more aimed at inter-sites transfers. Its goal is offering efficient data transfers between sites, especially optimized when distributed file systems and parallel streams may be used.

The framework has been designed carefully to be easily extensible to other file systems, whether they be distributed or not and will be able to cope with several authentication methods. Adding support for new file systems is only a matter of adding a C++ class implementing a simple API. This interface consists [image: image3.wmf]Bandwidth : 6 to 6 nodes @ 100Mb/s
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in making GXfer aware of the data location, that is where (machine, offset) is the data and where  it should be written.

Thus, by using low-cost clusters, high performances may be obtained between several clusters networked by means of high speed links (long distance gigabit pipes). Recent performances have shown that when transferring files between 10 nodes and 10 nodes with Ethernet 100, the transfer of 1GB took less than 10s.

Preliminaries performances are drawn in the curve above and show good performances with standard hardware (100Mb/s Ethernet cards, Ethernet switches, gigabit routers). 

GXfer is also a component of the RNTL project, E-Toile. It is funded by the RNTL and is available under an Open Source license and will ship with the complete set of E-Toile tools (scheduler, information system, DSM, applications, …) by the end of the year.
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Other light weight tools have also been developed by the project APACHE to ease the installation and administration of Beowulf clusters such as in the ID-IMAG + HP I-cluster project, a Beowulf cluster based on completely mainstream and untuned hardware. 

Ka-tools

They are a set of software tools used to ease the installation and administration of clusters and gather facilities of ultra-fast node installation (225 nodes installation in 15 minutes), highly optimized command launching time (hundreds of nodes within a few seconds). The Ka-tools (GPL) are now merged into the Mandrake Linux cluster distribution known as CLIC.

OAR
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OAR is a fast batch system used to schedule jobs within a cluster. OAR is based on standardized Open Source components such as MySQL and is written in perl for easy customization. It uses the Ka-tools to optimize access to huge clusters and is of course licensed under the GPL license.
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Contact : Yves Denneulin <�HYPERLINK "mailto:yves.denneulin@imag.fr"��yves.denneulin@imag.fr�>


WWW : http://www-id.imag.fr/Logiciels/
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Principle of GXfer transfers
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NFSP is a distributed NFS implementation
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Test

		

		3 x 3								ether 100

		taille en octets								temps		temp moyen		débit utilisateur

		1		1		0.11		0.15		0.09		0.1166666667		0.0000081744

		10		10		0.12		0.15		0.14		0.1366666667		0.000069781

		100		100		0.15		0.15		0.1		0.1333333333		0.0007152557

		1000		1ko		0.14		0.12		0.13		0.13		0.0073359563

		10000		10ko		0.13		0.1		0.18		0.1366666667		0.0697810475

		100000		100ko		0.22		0.13		0.17		0.1733333333		0.550196721

		1000000		1mo		0.37		0.35		0.27		0.33		2.8899221709

		2500000		2,5mo		0.47		0.38		0.32		0.39		6.1132969

		5000000		5mo		0.4		0.39		0.32		0.37		12.8874907622

		10000000		10mo		0.5		0.51		0.5		0.5033333333		18.9471718491

		25000000		25mo		0.88		0.92		1.32		1.04		22.9248633752

		50000000		50mo		1.61		1.59		2.44		1.88		25.3636786278

		100000000		100mo		3.09		3.09		3.09		3.09		30.8632464856

		250000000		250mo		7.53		7.92		7.44		7.63		31.2475201968

		500000000		500mo		15.21		15.16		15.37		15.2466666667		31.274846406
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3x3 icluster
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6x6 icluster urec

		3 x 3 ether 100, send

				2 octets		16 octets		128 octets		1Ko		128Ko		1Mo		5Mo		10Mo		17Mo		25Mo				50Mo		75Mo		100Mo		150Mo		200Mo		250Mo		500Mo

		taille		2		16		128		1024		131072		1048576		5242880		10485760		17825792		26214400		39845888		52428800		78643200		104857600		157286400		209715200		262144000		524288000

		temps moyen utilisateur		0.1133333333		0.1166666667		0.1155555556		0.098		0.128		0.132		0.286		0.436		0.6425		0.894		1.285		1.66		2.4325		3.23		4.7366666667		6.2733333333		7.77		15.98

		débit moyen utilisateur		0.0000168295		0.0001307896		0.0010563777		0.0099649235		0.9765625		7.5757575758		17.4825174825		22.9357798165		26.4591439689		27.9642058166		29.5719844358		30.1204819277		30.8324768756		30.959752322		31.6678395496		31.8809776833		32.175032175		31.2891113892

		débit moyen serveur		0		0		0		0.01		1.35		9.638		20.024		24.398		28.43		29.26		30.695		30.7325		31.27		31.3525		31.89		32.0233333333		32.2933333333		31.3733333333
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Débit utilisateur

Débit serveurs

Taille des fichiers en Octets

Débit global en Mo/s

Débit global de Transfer (send) : 3 x 3 iod (Max théorique : 37,5Mo/s)
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Vitesse utilisateur
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Vitesse utilisateur

Taille des fichiers en Octets

Débit global en Mo/s

Vitesse de transfer (send) : 3 x 3 iod (Débit max théorique : 37,5Mo/s)
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		6 x 6 ether 100, send , icluster urec

				2 octets		16 octets		128 octets		1Ko		128Ko		1Mo		5Mo		10Mo		17Mo		25Mo		38Mo		50Mo		75Mo		100Mo		150Mo		200Mo		250Mo		500Mo

		taille		2		16		128		1024		131072		1048576		5242880		10485760		17825792		26214400		39845888		52428800		78643200		104857600		157286400		209715200		262144000		524288000

		temps moyen utilisateur		0.075		0.0925		0.17		0.175		0.1725		0.1275		0.1625		0.2425		0.34		0.465		0.66		0.8425		1.2175		1.585		2.3875		3.185		3.9		7.85

		débit moyen utilisateur		0.0000254313		0.0001649599		0.0007180607		0.0055803571		0.7246376812		7.8431372549		30.7692307692		41.2371134021		50		53.7634408602		57.5757575758		59.3471810089		61.6016427105		63.0914826498		62.8272251309		62.7943485086		64.1025641026		63.6942675159

		débit moyen serveur		0		0		0		0		0.8675		9.9725		34.9175		45.145		53.07		56.4025		59.7575		61.2575		62.945		64.035		63.4		63.115		64.23		63.8575
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Débit utilisateur

Débit serveurs

Taille des fichiers en Octets

Débit global en Mo/s

Bandwidth : 6 x 6 iod
(Theoretical max: 75MB/s) icluster et urec (VTHD, 1GB/s)
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Vitesse utilisateur

Taille des fichiers en Octets

Temps en seconde

Vitesse de transfer (send) : 6 x 6
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		2						16						128						1024								2						16						128						1024

		0.15		0				0.14		0				0.15		0				0.1		0.01						0.08		0				0.09		0				0.18		0				0.19		0

		0.1		0				0.12		0				0.13		0				0.11		0.01						0.08		0				0.1		0				0.18		0				0.18		0

		0.09		0				0.1		0				0.12		0				0.1		0.01						0.08		0				0.09		0				0.16		0				0.17		0

		0.09		0				0.11		0				0.12		0				0.09		0.01						0.06		0				0.09		0				0.16		0				0.16		0

		0.11		0				0.1		0				0.12		0				0.09		0.01						0.075		0				0.0925		0				0.17		0				0.175		0

		0.11		0				0.13		0				0.11		0

		0.15		0				0.1		0				0.1		0												131072						1048576						5242880						10485760

		0.1		0				0.12		0				0.1		0												0.14		1.06				0.15		7.93				0.18		31.85				0.24		44.24

		0.12		0				0.13		0				0.09		0												0.19		0.78				0.12		10.82				0.16		34.98				0.23		46.68

		0.1133333333		0				0.1166666667		0				0.1155555556		0				0.098		0.01						0.19		0.75				0.12		10.91				0.16		35				0.23		46.96

																												0.17		0.88				0.12		10.23				0.15		37.84				0.27		42.7

		131072						1048576						5242880						10485760								0.1725		0.8675				0.1275		9.9725				0.1625		34.9175				0.2425		45.145

		0.16		1.02				0.13		10.11				0.3		19.06				0.42		25.47

		0.13		1.32				0.13		9.33				0.31		19.59				0.43		24.56						26214400						52428800						78643200						104857600

		0.12		1.55				0.13		9.87				0.27		21.27				0.43		24.51						0.47		55.78				0.85		60.92				1.23		62.74				1.59		63.56

		0.11		1.48				0.13		10.06				0.28		19.78				0.46		23.29						0.45		57.2				0.86		60.63				1.21		63.2				1.59		64.05

		0.12		1.38				0.14		8.82				0.27		20.42				0.44		24.16						0.49		55.01				0.83		61.82				1.2		63.58				1.57		64.41

		0.128		1.35				0.132		9.638				0.286		20.024				0.436		24.398						0.45		57.62				0.83		61.66				1.23		62.26				1.59		64.12

																												0.465		56.4025				0.8425		61.2575				1.2175		62.945				1.585		64.035

		26214400						52428800						78643200						104857600

		0.91		29.29				1.68		30.55				2.52		30.28				3.21		31.63						157286400						209715200						262144000						524288000

		0.87		30.05				1.68		30.32				2.41		31.65				3.13		32.36						2.42		62.37				3.14		64.09				3.95		63.63				7.95		63.03

		0.89		29.15				1.65		30.81				2.39		31.68				3.28		30.79						2.32		65.22				3.21		62.84				3.94		63.79				8.01		62.56

		0.88		29.75				1.63		31.25				2.41		31.47				3.3		30.63						2.43		62.38				3.15		63.33				3.82		65.29				7.74		64.77

		0.92		28.06																								2.38		63.63				3.24		62.2				3.89		64.21				7.7		65.07

		0.894		29.26				1.66		30.7325				2.4325		31.27				3.23		31.3525						2.3875		63.4				3.185		63.115				3.9		64.23				7.85		63.8575

		157286400						209715200						262144000						524288000								39845888						17825792

		4.76		31.82				6.35		31.62				7.74		32.42				16.69		30.02						0.65		60.53				0.34		53.43

		4.67		32.28				6.28		31.99				7.86		31.94				15.46		32.39						0.66		59.71				0.34		53.16

		4.78		31.57				6.19		32.46				7.71		32.52				15.79		31.71						0.67		59.38				0.33		54.02

		4.7366666667		31.89				6.2733333333		32.0233333333				7.77		32.2933333333				15.98		31.3733333333						0.66		59.41				0.35		51.67

																												0.66		59.7575				0.34		53.07

		17825792						39845888

		0.64		28.23				1.3		30.24

		0.66		28.93				1.27		30.79

		0.63		28.3				1.25		31.17
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