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2. Intel Enterprise Edition for Lustre (IEEL)
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3.1

. Lustre File System 7]

/

Ext4 FSZ]9te] dlelg| o] E& 3t A5 &4 © Lustre uses an improved version of the ext4 journaling file system to store data and metadata.
This version, called ldiskfs, has been enhanced to improve per— formance and provide additional functionality needed by Lustre.

POSIX &% 274 A5 The full POSIX test suite passes in an identical manner to a local ext4 filesystem, with limited exceptions on Lustre
clients. In a cluster, most operations are atomic so that clients never see stale data or metadata. Lustre supports mmap() file I/O.

1459 o]7]1F YIEY B8 715 : Lustre supports a variety of high performance, low latency networks and permits Remote Direct Memory
Access (RDMA) for Infiniband (OFED) and other advanced networks for fast and efficient network transport. Multiple RDMA networks can
be bridged using Lustre routing for maximum performance. Lustre also provides integrated network diagnostics.

Al 7184 84 : Lustre offers active/active failover using shared storage partitions for OSS targets (OSTs) and active/passive failover using a
shared storage partition for the MDS target (MDT). This allows application transparent recovery. Lustre can work with a variety of high
availability (HA) man— agers to allow automated failover and has no single point of failure (NSPF). Multiple mount protection (MMP)
provides integrated protection from errors in highly—available systems that would otherwise cause file system corruption.

FAAHE HSEA : By default TCP connections are only allowed from privileged ports. Unix group membership is verified on the MDS. (Client 7]
=9 2 Password Less SSH 2730 28 5H7] o=

AM A Aol I A £A: the Lustre security model follows that of a UNIX file system, enhanced with POSIX ACLs. Noteworthy additional
features include root squash.

A 718t A A" AA : Clients are isolated from the on—disk file structure enabling upgrading of the storage architecture without affecting the
client.

t}oFat StripeAte] = AR The layout of files across OSTs can be configured on a per file, per directory, or per file system basis. This allows file

[/O to be tuned to specific application requirements within a single filesystem. Lustre uses RAID—0 striping and balances space usage across
OSTs.

NFS & CIFS 95 7I'5 : Lustre files can be re—exported using NFS or CIFS (via Samba) enabling them to be shared with non-Linux clients.

oA AAH B E AlF : Lustre provides a distributed file system check (Ifsck) that can restore consistency between storage components in
case of a major file system error. Lustre can operate even in the presence of file system inconsistencies, so lfsck is not required before returning
the file system to production.

GUI7|8te] A5 BYHH : Lustre offers a variety of mechanisms to examine performance and tuning. IEEL 2 IML-& Zgtolal Q5 Ut

v
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3.2. Lustre A

Lustre A% 715 73
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3.3. Lustre File System 7|2 o}7| €] A
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3.4. Lustre : g]°]H Striping
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3.5. Lustre A%
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4, Lustre It A|2AH] Case Study
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4.1. LLNL Sequoia Lustre Architecture

~

. N
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4.2. Performance Sample Design #1

- N

- 2GB/sec Read / Write
- Easier to fit into the existing infrastructure
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4.3, Performance Sample Design #2

-

500TB High Availability Lustre storage

- 4GB/sec Read / Write
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4.4, Performance Sample Design #3

a4 N
1PB High Availability Lustre storage
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60x3TB 60x3TB
N y
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5. Intel Manager for Lustre (7%, chroma)

4 N
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5.1. IML — Dashboard =121 %7| 3}H
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5.2. IML -

File System #2], HA 4

SHLRIYHON

Servers Volumes Power Control MGTs Fle Systems Storage Users

& File System testfs

Overview

Management Server: (hent-28vm2 lab whamdioud com
Metadata Server: cisnt-28vm2 lab whamdoud com \
0STs: 2
Alerts: « "o sorty

Actions: acticns 104MB/1.97GB 96/524k modes

® Update Advanced Setungs View Chent Mount Information

Management Target

Name - Volume - Primary serves v Fallover server v Started on
dient- dient- chent-

MGS 1IET 00010001 Actions v v
L2 b whamdoudcom 28vmllabwhamdoudcom 28vm2.lab.whamdoud.com

Metadata Target

Name . Volume - PIiMmary server . Fallover server » Started on
chent- dhent- chent-

testfs-MDTCO00 1IET 00010002 Actions * v
222 b whamcoudcom 28vmllabwhamdoudcom 28vm2.lab.whamdoud.com

Object Storage Targets

/
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5.3. IML - Server 74, 71 9 AHA]

e I
ii“e‘ @ Dashboard & Configuration A Alerts O History 0Qs debug Ac
=2 Build 3033
2 -
o Servers Volumes Power Control MGTs File Systems Storage Users
o
-
——
= Servers
Server Configuration
+ Add Server
Show 10 « entries
Hostname . LNet State
dient-28vm2.lab.whamcloud.com # Wet up Aions > ¥
jent-28vm3.1ab.wh .com & LNet up Actions » v
ient-28vm5.1ab.wh Lcom & WNet up Actionss ¥
dient-28vmé.1ab.whamcloud.com & Net up Actions» ¢
Showing 1 to 4 of 4 entries
Server Actions
Detect File Systems Re-scan NIDs Re-wnte Target Configuration Install Updates
|8 ISBC Korea



5.4. IML - Event History

-

SUOIPOYIION

 Dashboard © Configuration

Event History

AAerts OHistory 8 Logs @ Help debug A

e

Build 3033

Host: All

-

Seventy: Any v Eventtype: Any

- | Fllleta

Show 25 +~ entries

Time v
Yesterday 21:23

Yesterday 21:23
Yesterday 21:23
Yesterday 21:15
Yesterday 20:51
Yesterday 20:51
Yesterday 20:51
Yesterday 20:51
Yesterday 20:51

Yesterday 20:50

<

HOST
chent-
28vmé.lab.whamdoud.com
chent-
28vm3.lab.whamdoud.com
chent-
28vm2.l1ab.whamdoud.com
chent-
28vm2.lab.whamdoud.com
chent-
28vm5.lab.whamdoud.com
chent-
28vmé.Jab.whamdoud.com
chent-
28vmé.Jab.whamdoud.com
chent-
28vm5.Jlab.whamdoud.com
chent-
28vm2.1ab.whamdoud.com
chent-
28vm3.1ab.whamcloud.com

Message
testfs-OST0001 started

testfs-OST0000 started

testfs-MDT0000 started

MGS started

LNet started on server ‘dient-28vmS5.lab.whamcloud.com’
LNet started on server 'chent-28vmé6.lab.whamcloud.com’
Host 1s back online chent-28vmé6.lab.whamdoud.com
Host is back online client-28vmS5.1ab.whamdoud.com
LNet started on server 'dient-28vm2.lab.whamcloud.com’

LNet started on server ‘chent-28vm3.lab.whamcloud.com’

/
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5.5. IML — Alerts, o} A|AH]IS] A3 RUYEH
a - N
inteD i Dashboard © Configuration A Alerts O History @& Logs debug
g
4 A Alerts
&
[~
o
a
Active Alerts
Show 25 <« entries
Started *  Entity Message
No data available in table
Showing 0 to 0 of 0 entries
Alert History
Show 25 <~ entnes
Started * Finished Entity Message 3
Yesterday 21:23 Yesterday 21:23 testfs-OST0001 Target testfs-OST0001 offline g
Yesterday 21:23 Yesterday 21:23 testfs-OST0000 Target testfs-OST0000 offline
Yesterday 21:23 Yesterday 21:23 testfs-MDT0000 Target testfs-MDT0000 offline
Yesterday 21:15 Yesterday 21:15 MGS Target MGS offline
: ) chent- Updates are ready for server chent-
Yesterday 20:51 Yesterday 21:14 28vm5.lab.whamdoud.com 28vmS5.lab.whamdoud.com
: , chent- Updates are ready for server client-
Yesterday 20:51 Yesterday 21:14 28vmé.lab.whamdoud.com 28vmé.lab.whamdoud.com
5 : chent-
Yesterday 20:51 Yesterday 20:51 ~avmé lab whamcioud.com Host i1s offine chent-28vmé.lab.whamcloud.com
. ) chent-
Yesterday 20:51 Yesterday 20:51 AR e Sab s dng i cane Host is offine client-28vmS.1ab.whamcloud.com
: : chent- Updates are ready for server chent-
Yesterday 20:51 Yesterday 21:14 28vm2.lab.whamcloud.com 28vm2.lab.whamcloud.com
; _ chent- Updates are ready for server chent-
Yesterday 20:50 vesterday 21:14 28vm3.lab.whamcloud.com 28vm3.lab.whamcloud.com /
20 ISBC Korea
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5.6. IML — System Logs, Kernel 2|1 e] FA =71

-

SUOHPIYRON

(e
& Logs

i Dashboard

System Logs

© Configuration

A Alerts

OHistory 8logs © Help debug

| Host: Al - From: To: Only Lustre Messages: 7 | Filter

Show 25 ~ entries Search:
Date * Host Service Message

) chent- Lustre: MDS mdd cbd-testfs-MDT0000: testfs-0ST0001 UUID now active,
Vasterday 21:23 28vm2.1ab.whamdoud.com kemel resetting orphana
Yesterday 21:23 chent- — Lustre: MDS mdd_ocbd-testis-MDTO000: testis-OSTO000_UUID now active,

s 28vm2.1ab.whamdoud.com reseccing crphans

2 chent- Lustre: testfs-OST0001: received MDS connection from client-
Yesterday 21:23 28vmé.lab.whamdoud.com kernel 28vm2 . lab.whamcloud.com
Yesterday 21:23 chent- —— Lustre: test(s-OSTO000: received MDS connection from client-

s 28vmS.lab.whamdoud.com 28vm2.lab.whamcloud. com

2 chent- Lustre: testfs-OSTO001: Imperative Recovery enabled, recovery window
Yesterday 21:23 . = o b whamdoud.com <ermel shrunk from 300-300 down to 150-450

X chent- Lustre: testfs-0STO001: Now serving testfs-0ST0001 on /dev/ade with
Yesterday 21:23 5gvmé.lab.whamdoud.com <= recovery enabled

chent-

- mel Lustre: MGCclient-28vm2.l1ab . whancloud.com: Reactivating import
Yestarday 21:23 28vmé.Iab.whamdoud.com ke -

: chent- Lustre: testfs-OSTO0000: Imperative Recovery enabled, recovery window
Yesterday 21:23 o = < 1ab.whamdoud.com <omel shrunk from 300-300 down to 150-450

. chent- Lusctre: testls-OST0000: Now serving testls-0OST0000 on /dev/sdd with
Yesterday 21:23 28vmS.lab.whamdoud.com kemel recovery enabled
Yesterday 21:23 Sh.ent-. .. .. kermnel Lustre: MGCclient-28vm2.lab.wvhamcloud.com: Reactivating import

m

J

21
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5.7. IML — Email X 7%

~

® 00

3

24 A chroma-manager@isbe local

XS: New Chroma Server alerts

W% 20131 28 27 2% 24| 52¥% 48% GMT+09:00
U= A sik@isbe.co kr

New Chroma Alerts:

2013-02-27 05:47:58 Target isbc-MDT0000 offine

2013-02-27 05:48:09 Target MGS offine

2013-02-27 05:48: 10 Target isbc-OST000 1 offine

2013-02-27 05:48: 11 Target isbc-OSTO0QO0 offine

2013-02-27 05:48: 18 Target isbc-MDT0000 offine

2013-02-27 05:48:28 Target isbc-OSTO00O0 faded over to server oss01.isbc.local
2013-02-27 05:48: 28 Target isbc-MDTO000 offine

2013-02-27 05:48:29 Target isbc-OSTO0QO0 in recovery

2013-02-27 05:48:29 Target MGS offine

2013-02-27 05:48:31 Target isbc-OSTO00O0 faled over to server oss01.isbc.local
2013-02-27 05:48:31 Target isbc-OST0001 offine

2013-02-27 05:48:39 Target isbc-OSTO000 in recovery

2013-02-27 05:48:40 Target isbc-MDTO000 offine

2013-02-27 05:48:41 Target isbc-OSTO00O0 faded over 10 server 0ss01.isbe.local
2013-02-27 05:48:42 Target MGS offine

2013-02-27 05:48:49 Target isbc-OST0O000 in recovery

2013-02-27 05:48:51 Target isbc-OSTO00O0 faded over 10 server 0ss01.isbe.local
2013-02-27 05:48:53 Target isbc-OSTO00 1 offine

2013-02-27 05:49:00 Target isbc-OSTO00O0 in recovery

2013-02-27 05:49:01 Target isbc-MDTO000 offine

2013-02-27 05:49:02 Target isbc-OSTO00O0 faded over to server 0ss01.isbe.local
2013-02-27 05:49:03 Target MGS offine

2013-02-27 05:49: 10 Target isbc-OSTO00O0 in recovery

2013-02-27 05:49: 12 Target isbc-OSTO0O0O0 faded over to server 0ss01.isbc.local
2013-02-27 05:49: 13 Target isbc-OST0001 offine

2013-02-27 05:49: 20 Target isbc-OST0O00O0 in recovery

2013-02-27 05:49: 21 Target isbc-MDTO0000 offine

2013-02-27 05:49:22 Target isbc-OSTO0O0O0 faded over to server 0ss01.isbc.local
2013-02-27 05:49:23 Target MGS offine

2013-02-27 05:49:30 Target isbc-MDT0O000 offine

2013-02-27 05:49:31 Target isbc-OSTO00O0 in recovery

" Fwd: New Chroma Server alerts — &2 BHX|8

22
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5.8. IML - Storage Plug—in Module

- N
(@) 571 =] Lo . _9__ —] = =LO —_ -1 = — P S
IML2 2~ E 2] 2] HlH of| A A|-5-5k= plug-ine o] THAALE Y b7, Volume®| =221 A8 71A] &l
o o]~
== o] gyt )
whamcloud Dashboard | Configure | Alerts | Events | Log Version 26.3581808 admin Logout @
=
2 g A \ - - ~
S Fllesystems MGTs volumes Dervers storage
&
g
- Storage resources
+ Add storage device
Filter: |netapp_storage_plugin-StorageArray b/
T netapp_storage_plugin-Controller
netapp_storage_plugin-DiskDrive
netapp_storage_plugin-Fan Address 1 Addre
netapp_storage_plugin-HostBoard v
netapp_storage_plugin-LocatableResource 10.26.26.122 10.26.26.123 v
ar netapp_storage_plugin-MelEvent
] netapp_storage_plugin-PowerSupply
netapp_storage_plugin-StorageArray
netapp_storage_plugin-volume
netapp_storage_plugin-YolumeGroup
N /
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5.9. Lustre Server Monitoring — Hardware and OS Part (Nagios XI)

-

Nagios XIE AI&3}0q, Lustre Server 2| Hardware 3! OSE ZEL|EE 7}s ©L|C}.
- Intel IEEL v1.0 IML 2 Lustre ut°' AI*E" 4 A 2ES HE
- Nagios XI £ Lustre Server?} MX|El, HW/OS S =Y (HP ILO4, IBM IMM, Dell DRAC % Onboard RAID £2 &)
* Nagios XI= Ee F7I F10f 2
/
L — R -
(- @ 192.168,70.20/naglosxi/ C'J [' Gooagle PJ B 3 #

2 .
Nagios
Home Views Dashboards Reports Configure Tools
= r

¥ Quick Yiew —
Home Dashboard Showing 1-12 of 12 total matches for ‘lustre’ X
Tactical Overview
Operations Center "“' 4 Service "
Operations Screan ustre 'i" i Disk Usage > 0K
Open Service Problems
Open Host Problems CPU State * OK
All Servica Problems - —
All Host Problems Cron Scheduling Ok
Network Outages Daemon

Load >t QK

duick Find —
[search... Go | Memory Usag < Ok

¥ Details n File <] Ok
Service Detail Fing Ok
Host Detail G8H Server Ok
Hostgroup Summary Swap Usage ¥ OK
Hostgroup Overview
Hostgroup Gnd otal Processes Ok
Sarvicagroup Summary Users > Ok
Sarvicagroup Ovarview
Sarvicagroup Grid Yum Updates Ok
Nagios BPI
Metrics o et opdae: 20010605 15 @311

Nageos XI 2012R2.3 Copynght @ 2008-2013 Nagos Enterprises, LLC.
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Admin

Status | Duration | Attempt | Last Check

15

15
15

15
15

115
175

15
15

195
145

15

§

2013-09-051544:03

2013-09-0515:44:33
2013-09-0515.46.03

2013-09-0515:45:38
2013-09-0515.46.03

2013-09-0515.46:33
2013-09-0515:47:04

2013-09-051547:33
2013-09-05 154803

2013-09-0515:48:33
2013-09-05 154418

2013-09-0515:45.48

Logged in as: nagiosadmin

System Ok: @@@@@@ Logout

eemr mpessEe: meaw sw ww e cmrmw

[lustre

Status Information
DISK OK - free space /15205 MB (90% inode=96%)

CPU STATISTICS OK: user=3.14% systerm=0.81% lowait=0.71% idle=95 34%

crond (pid 1554) is running

QK- load average: 11.16, 6.05, 2.62

QK- 6%6 /992 MB (70%) Free Memory, Used. 851 MB, Shared. 0 MB, Buffers. 4
MB, Cached 555 M8

OK 1312 open files (1% of max $8092)
OK-162168.70.21: 13 0.301ms, lost 0%

openssh-daemon (pid 1449) is running...
SWAP OK - 98% free (1962 MB out of 2015 MB)

PROCS OK. 203 processes
USERS OK- 2 users currently logged in

YUM O OFS is up to date.
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6. Lustre 2.2 A5 Y ¥

4 N

LLNL 5

OpenSFS 8

° http://wiki.whamcloud.com/display/PUB/Lustre+Community+Development+in+Progress
° http://wiki.whamcloud.com/display/PUB/LUG+2012
N J
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http://git.whamcloud.com/?p=fs/lustre-release.git;a=shortlog;h=refs/heads/b2_2
http://wiki.whamcloud.com/display/PUB/Lustre+Community+Development+in+Progress

1580

6.1.

Evolving Lustre Community

-~

An increasing number of organizations contribute

2.3

2.1

-‘ -

0 10000

[2.1]

20000 30000 40000 50000 60000 70000 80000 90000 100000

http://git. whamcloud.com/?p=fs/lustre-release.qgit;a=summary

HBull

N CEA
®Cray

“ DDN
BEMC
¥ Fujitsu
B LLNL
ENICS
®ORNL
“TACC
% Ultrascale
SUVT

¥ Whamcloud/Intel

“ Xyratex

¥ Sun/Oracle

%
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7. Lustre 2 =W,

|IEEL

Basies on Lustre 2.5 Release

- Include Previous IEEL Features
- HSM

- Dynamic LNET Configuration
- Enhanced Alerts & Logging

- Intel Xeon Phi Support

Base on Lustre 2.3 Release and 2.4 Client

- Lustre file system plus Selected Stability patch
- Intel Manager for Lustre Software

- Hadoop Adapter for Lustre Software
- Enterprise Support enhancements

- Maintenance Releases

- RHEL6.4 Support Only

2.4

1.0

Imperative recovery

2.3

LNET SMP Scaling
Client Parallel CheckSums
Parallel Directory Operation

Enhanced CheckSum
Quota Accounting

2.2

Full RHEL6 Support

Asyc Journal Commits on By default
ext4 by default

28TB Luns

Stability enhancements

2.1

Metadata Performance
Server Stack SMP Scaling

EOFS I il

Eurcpean Open Fiue Systam

LFSCK MDT-OST Consistency
UDI Mapping & Shared Key

2014.20Q
. I:F.CI.(.M.D.'I'-'QS]' .Consistenc

...I.Y..................
HSM

2.6

OSD restructuring / Support ZFS(No GPL)
Distributed namespace (Remote Directory)
Online Check/Scrub

Network Request Scheduler 4MB I/O RPC

2013.3Q

Community

A A A

213

ORNL »OpenSFS BLLNL <Intel
QCEA «Xyratex Ondiana University
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7.1. Lustre 2.4 — ZFS OST/MDT Backing Storage

4 N
e C(Can Leverage many ZFS feature in Lustre 2.4
» Robust code with 10+ years maturity
p Data checksums on disk + Lustre checksums on network
p  Online filesystem check/scrib/repair — no more e2fsck!
p  Scales beyond current filesystem limists (Object count/size, file system size)
p Easier management of many disks, commodity JBODs without RAID hardware
p Integrated with flash storage cache (L2ZARC read Cache)
p Data compression improves real-world IO performance and space utilization
o Other features will need extra effort to work with Lustre
» http://en.wikipedia.org/wiki/Zfs
» http://ztsonlinux.org/lustre. html
N /
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http://en.wikipedia.org/wiki/Zfs
http://zfsonlinux.org/lustre.html
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7.2. Lustre 2.4 — Updated MDS/OSS Module Layering

a N
* Multiple OSD types (ZFS/Idiskfs) on =5 =5 =
a single node are not supported Ilil-l-
0SS
MDD - Metadata Device Driver / LOD - Logical Object Device / OSP - Object Storage Proxy
\_ OSD - Object Storage Device / Object Filter Device -
29 ISBC Korea



1580

7.3. Lustre 2.4 —Remote Directory (2.4)

-

Subdirectories on remote MDT created by administrator
Scales namespace in similar manner to data servers

Allows isolated metadata performance for users/jobs

Shared OST IO bandwidth among all files on all MDTs

J
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7.4. Lustre 2.4 Other Updates

a4 N
e LFSCK phase |.5
e |FSCKis online Lustre File System Check Tool
®  Verify Lustre File Identifier(FID) stored in each directoty entry
® Verify inode -> parent back-pointer in link xattr
®  Piggy-backs on Ol Scrub inode iteration
® Verifies MDT/OST FID attr / OST object
e Network Request Scheduler (NRS)
® Recoder RPC request on ther Server
®  Currently implements multiple optimization policies
® Allows other policies to be developed in the future(2.5)
® Linux Kernel Client Updates (2.4/2.5)
® Desire to include Lustre client in upstream Linux kernel
® Neet to clean up ten years of legacy code to Linux style
e EMC is doing most of this work (Change Landing Incdementally in 2.3/2.4/2.5)
N /
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Xyratex 5

ORNLS

Xyratex
19

TACC2

Bull1 __ CEA3 Cray5 __LLNL 10
'53 3

NICS 1
ORNL 15 ORNL17

TACC3 LLNL 19

Ultrascale vT 1 Xyratex28Bull4 _CEA3
. \\
TACCS

Fujitsu 1

Cray 4

DDN 1
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