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Conventions for Command Syntax

All the commands in this manual appear in green color of the font Courier New (point size
9) with the sign '| $' in the beginning. The other conventions are described below:

Vertical Bar: '|' : To indicate alternative, mutually exclusive elements

*

« Square Brackets: '[]' : To indicate optional elements

« Braces: '{}' : To indicate that a choice is required by the user

« Braces within brackets: '[{ }]' : To indicate that a choice is required within an optional
element

o Backslash:'\': To indicate that the command line is continued on the next line

+ Boldface: To indicate that the word is to be entered literally as shown

« ltalics: To indicate a variable or argument to be replaced by the user with an actual
value

XV
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Lustre in a nutshell Part I. Architecture
Chapter | — 1. A Cluster with Lustre

1.1 What is Lustre?

Lustre is a high-performance, multi-network, fault-tolerant, POSIX-compliant network file
system for Linux clusters.

Key features of Lustre —

+ Ability to run over a large range of network fabrics

+ Fine-grained locking for efficient concurrent file access
+ Failover ability to reconstruct state if a server node fails
« Distributed file object handling for scalable data access.

Lustre is a complete, software-only, open-source solution for any hardware that can run
Linux. It has native drivers for many of the fastest networking fabrics. Lustre can use
any storage medium that looks like a block device.

Cluster File Systems, Inc. 3
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1.2 The Software

The Lustre software consists of three interacting software areas:
¢ A patched Linux kernel

Lustre requires significant changes from the standard Linux kernel to facilitate some
of its performance improvements. The changes are distributed in the form of patches
against specific kernels. Some specific pre-patched kernels are also available from
our download site. Additionally, the Lustre client (but not Lustre servers) can be run
on certain unmodified kernels (also known as "patchless").

¢ The Lustre modules
Lustre kernel modules provide the server and client capabilities for the file system.
+ Userspace utilities

A few userspace utilities are required for configuration and startup/shutdown of Lustre
servers and clients.
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1.3 Lustre Components

A Lustre file system consists of four major components:
+ Management Server

¢ Meta Data Target (MDT)

+ Object Storage Targets (OSTs)

+ Lustre Clients

Lustre clients provide remote access to the Lustre file system. The file system is served
jointly by the Object Storage Targets (OSTs) for file contents and the Meta Data Target
(MDT) for file meta data (directory structure, file size, and so on). A single Lustre file
system may have multiple OSTs, each serving a subset of the file data. Note that there
is not necessarily a 1:1 correspondence between a file and an OST; a file may be
spread over many OSTs in order to optimize performance. Each of the OSTs and the
MDT may have a failover partner to provide access to the back-end storage if the server
node fails.

Figure 1.1.1: A Lustre Cluster shows the expected interactions between the servers
and clients of the Lustre file system.
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Figure 1.1.1: A Lustre Cluster
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The MDT, OSTs and clients can all run concurrently (in any mixture) on a single node.
However, a more typical configuration is an MDT on a dedicated node, two or more
OSTs on each Object Storage node, and a client on each of a large number of computer
nodes.

1.3.1 The Management Server

The ManaGement Server (MGS) defines the configuration information for all of the
Lustre file systems at a site. Each Lustre Target (below) contacts the MGS to provide
information, and Lustre clients contact the MGS to retrieve the information. The MGS
can provide live updates to the configuration of Targets and clients. The MGS requires
its own disk for storage. However, there is a provision to allow the MGS to share a disk
("co-locate") with a single MDT. The MGS is not "part" of an individual file system
through itself. It provides configuration mechanisms to the other components.

1.3.2 The Meta Data Target

The Meta Data Target (MDT) provides back-end storage for the meta data information
for a single file system. The Meta Data Server (MDS) provides the network request
handling for one or more local MDTs. (Due to historical reasons, the term “MDS” has
been traditionally used to mean both the MDS and a single MDT. This (and future)
version of the manual will try to use the more specific meanings.)

The meta data managed by the MDT consists of the file hierarchy ("namespace"), along
with file attributes such as permissions and references to the data objects stored on the
OSTs.

1.3.3 The Object Storage
Targets

An Object Storage Target provides back-end storage for file object data, which are
effectively chunks of user files. There are typically multiple OSTs providing access to
different chunks. (The MDT keeps track of which chunks are where.) On a node serving
OSTs, an Object Storage Server (OSS) component provides the network request
handling for one or more local OSTs.

1.3.4 Lustre Client Nodes

The Lustre clients are "users" of the file system. They are normally computation,
visualization, or desktop nodes. The Lustre clients require the Lustre software to mount
a Lustre file system - Lustre is not NFS.

The Lustre client software consists of an interface between the Linux Virtual File System
and the Lustre servers. Each Target has a client counterpart: Meta Data Client (MDC),
Object Storage Client (OSC), and a ManaGement Client (MGC). A group of OSCs are
wrapped into a single Logical Object Volume (LOV). Working in concert, these provide
transparent access to the file system.

All clients which mount the file system will see a single, coherent, synchronized
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namespace at all times. Different clients can write to different parts of the same file at
the same time, while other clients are reading from the file. This is a common situation
for large simulations and is an area in which Lustre excels.

(Almost) all activity on the Targets is driven by requests from the Lustre clients.

1.3.5 Lustre Networking

Servers and clients communicate with each other over a custom networking API called
LNET. LNET inter-operates with a variety of network transports through Network
Abstraction Layers (NAL).

This API provides the delivery and event generation in connection with network
messages. It also provides advanced capabilities such as using Remote DMA (RDMA) if
the underlying network transport layer supports this, and autonomous routing between
different network transports on different nodes.
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2.1 Introduction

In a Lustre network, servers and clients communicate with each other over a custom
networking API called LNET, which abstracts away all transport-specific interaction.
LNET in turn operates with a variety of network transports through LNET Device drivers
(LNDs).

LNET provides the delivery and event generation in connection with network messages.
It also provides advanced capabilities such as Remote DMA (RDMA) (if the underlying
network transport layer supports it), and autonomous routing between different network
transports on different nodes.

LNET is designed for complex topologies, superior routing capabilities and simplified
configuration.
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2.2 Supported Network
Types

- tcp (Ethernet)

« openib (Mellanox-Gold Infiniband)
« iib (Infinicon Infiniband)

+ vib (Voltaire Infiniband)

+ 02ib (OFED)

- ra (RapidArray)

» elan (Quadrics Elan)

« gm (Myrinet)
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2.3 Important Terms

LND: Lustre networking device layer, a modular subcomponent of LNET that
implements one of the network types. The LNDs are implemented as individual Linux
modules, and typically must be compiled against the the network driver software.

Network: A group of nodes that communicate directly with each other. It is how LNET
represents a single cluster. Multiple networks can be used to connect clusters together.
Each network has a unique type and number (For example, tcpO, tcp1, elan0).

NID: A Lustre networking ID. The NID uniquely identifies a Lustre network endpoint,
including the node and the network type. This means there is an NID for every network
a node uses.
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1.1 Preparing to Install
Lustre

1.1.1 How to get Lustre

The current, stable version of Lustre is available for download from the website of
Cluster File Systems:

http://www.clusterfs.com/download.html

The software available for download on this website is released under the GNU General
Public License. It is strongly recommended to read the complete license and release
notes for this software before downloading it, if you have not done so already. The
license and the release notes can also be found at the aforementioned website.

1.1.2 Supported
Configurations

Cluster File Systems, Inc. supports Lustre on the configurations listed in Table1.1.1:
Supported Configurations.

ASPECT SUPPORT TYPE

Operating Systems: Red Hat Enterprise Linux 3+, SuSE Linux Enterprise
Server 9, Linux 2.4 and 2.6

Platforms IA-32, IA-64, x86-64, PowerPC architectures, and mixed-

endian clusters

Interconnect TCP/IP; Quadrics Elan 3 and 4; Myranet, Mellanox,
Infiniband (Voltaire, OpenIB and Silverstrom)

Table 1.1.1: Supported Configurations

Cluster File Systems, Inc. 15


http://www.clusterfs.com/download.html

Part Il. Lustre Administration Lustre in a nutshell
Chapter Il — 1. Prerequisites

1.2 Using a Pre-
packaged Lustre

Release

Due to the complexity involved in building and installing Lustre, Cluster File Systems
has made available several different pre-packaged releases that cover some of the
most common configurations.

The pre-packaged release consists of five different RPM packages given below. Install
them in the following order:

*

kernel-smp-<release-ver>.rpm — This is the Lustre patched Linux kernel RPM. Use
it with matching Lustre Utilities and Lustre Modules package.

kernel-source-<release-ver>.rpm — This is the Lustre patched Linux kernel source
RPM. This comes with the kernel package, but is not required to build or use Lustre.

lustre-modules-<release-ver>.rpm — The Lustre kernel modules for the above
kernel.

lustre-<release-ver>.rpm — These are the Lustre Utilities or userspace utilities for
configuring and running Lustre. Use them only with the matching kernel RPM as
mentioned above.

lustre-source-<release-ver>.rpm — This contains the Lustre source code (including
the kernel patches). It is not required to build or use Lustre.

The source package is required only if you need to build your own modules (for
networking, and so on) against the kernel source.

NOTE: Lustre contains kernel modifications, which interact with your storage
devices and may introduce security issues and data loss if not installed, configured,
or administered properly. Please exercise caution and back up all data before using
this software.

1.2.1 Choosing a Pre-

packaged Kernel

Determining the best suitable pre-packaged kernel, depends largely on the combination
of hardware and software being run. CFS provides pre-packaged releases on our
download Web site.

1.2.2 Lustre Tools

The lustre-<release-ver>.rpm package is required for proper Lustre setup and
monitoring. The package contains many tools, the most important ones being:

16
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« lctl: A low-level configuration utility that can also be used for troubleshooting and
debugging;

o Ifs: A tool for reading/setting striping information for the cluster, as well as
performing other actions specific to Lustre File Systems;

¢ mount.lustre: The Lustre specific helper for mount(8);

o mfks.lustre: A tool to format Lustre target disks.

1.2.3 Other Required Software

Besides the tools provided along with Lustre, Lustre also requires some separate
software tools to be installed.

1.2.3.1 Core Requirements

e2fsprogs: Lustre requires very modern e2fsprogs that understand extents - use
e2fsprogs-1.38-cfs1 or later, available from

ftp://ftp.lustre.org/pub/lustre/other/e2fsprogs/

You might have to install it with rpm -ivh --force to override any dependency issues of
your distro.

Perl: Various userspace utilities are written in Perl. Any modern Perl should work.

build tools: If you are no