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~ Fraunhofer

ABeeGFS was originally developed at the Fraunhofer Center for HPC

AThe FraunhoferGesellschaft(FhG)
A Largest organization for applied research in Europe
A Special base funding by German government

A Institutes, research units and offices around the
A Staff: ~24000 employees
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The Fraunhofer Center for HPC GFS'

Parallel
Programming
models & tools

Photo realistic real Interactive seismic
time ray tracing imaging

<ji’
GFS’

Parallel File System Big Data

Smart Energy /
Green by IT
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AA Fraunhofer spin-off
AFounded in 2014 specifically for =~ -GFS
ABased in Kaiserslautern (right next to Fraunhofer HPC Center)

A Consulting, professional services & support for GFS

A Cooperative development together with Fraunhofer
(Fraunhofer will continue to maintain a core BeeGFS HPC team)

AFirst point of contact for BeeGFS
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BeeGFS Architecture
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History GFS’

ADevelopment started in 2005
AWhy?
AEvaluated existing solutions, not happy with what we found:

AVery complex and limited flexibility
ARequired dedicated staff for continuous maintenance

AExpensive
AScalability and performance problems for metadata access,
shared file writes, singlest r eam | / O, &

AWebdre a HPC cent er, SO0 a -housd O f
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What i1s BeeGFS? GES’

Pay

G6Fs 1se

é ahardware -independent parallel file system
(aka Software -defined Storage)

ll © Simply grow capacity
Imnt/beegfs/dirl and performance- to the
level that you need

€ desi gn edaforhamae -critical environments

- N\ N N e I
EEE EEESE BEESE BEEE BEESE BEEES

Qorage Server Qorage Server Qorage Server Qorage Server Qorage Server \Metadata Servey \ /
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Key Aspects GFS’

performance & High Robust &
Flexibility Easy to use

Scalability
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Key Aspects GFS’

APerformance:&Scalabilityt

A Initially optimized for performance -critical workloads

A Efficiently multi-threaded and light-weight design
A &Not even breaking a sweat: BeeGFS at 10GB/s on single node-8#sh unit over 100Gbit networkd
d Scalablelnformatics

A Supports RDMA/RoCEand TCP [nfiniband, Omni-Pat h , 100/ 40/ 10/ 1GbE,

A Distributed file contents & distributed metadata

A Aggregated IOPS and throughput of multiple servers
A Scales to millions of metadata operations per second

A High single stream performance
A 9GB/s single-stream throughput with Mellanox EDR
(Few file streams completely saturate a 100GBit link.)
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Key Aspects GFS’

V Performance & Scalability
AFlexibilityy

AMuItipIe BeeGFS services (any combination) canrun
together on the same machine: Converged system

AFlexible striping per-file / per-directory

AAdd servers at runtime

AOn-the-fIy creation of file system instances BeeOND) X %,

AlInstallation & updates without even rebooting RN \\S

ANFS & Samba reexport possible S &

ARuns on different Architectures, e.g.

Ae

An Introductio S| 13.12.2016 | Bernd Lietzow



<ji’

Flexibility: CPU Architectures GFS

/ T
OpenPOWER

<«ji’
GFS’

BeeGFS is a proud new
Member of the
OpenPower Ecosystem
thanks to Support from
IBM

thmkparﬁ'
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Key Aspects GFS’

V Performance & Scalability
V Flexibility

ARobust & Easy touse

A Very intensive suite of release stress tests, irhouse production use before public release
A The move from a 256 nodes system to a 1000 nodes system did not result in a single hitch,
similar for the move to a 2000 nodes system.

A Applications access BeeGFS as a normal (very fast) file system mountpoint =

AServers run on top of standard Ioca“ fsill2syste
c H

A No kernel patches | l

A Updates of system packages, kernel and BeeGFS are trivially simple
A Packages for Redhat, SUSE, Debian and derivatives
A No special hardware requirements
A Graphical monitoring tool
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BeeGFSArchitecture GFS'
AClient _Clients _

A Native Linux module to mount the file system
AStorage Service
A Store the (distributed) file contents -~
AMetadata Service . >
A Maintain striping information for files ﬁ.;’zﬁﬂ;"il !
A Not involved in data access between file open/close
AManagement Service Storage Servers
A Service registry and watch dog
AGraphicaI Administration and Monitoring System
A GUI to perform administrative tasks and monitor system

Information }
. . Management Host Graphical Administrati
ACan be used sSoyl eWindows | ati ono ar:?jpmlgiitorir:;n;;;fe::n

e S crw §

Metadata Servers

— —
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BeeGFSStriping GFS'

File #1

=

Target #1 Target #2 Target #3 Target #4

AN AN NG

Target #5 MetaData
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Throughput Scalability GFS

Sequential read/yvrlt_e Strided unaligned shared file writes,
up to 20 servers, 160 application processe: 20 servers, up to 768 application processes

30000 14000
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12000
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" 11000
D 15000 é 10000
10000 9000
8000

5000
7000

0
6000

0 5 10 15 20 25 24 48 96 192 384 768
NUMBER OF STORAGE SERVERS NUMBER OF PROCESSES

-®-\Write -@-Read

Note: Absolute numbers in these cases depend on per -server hardware performance, of course.
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Metadata Scalability

AAY'A be eg
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Note: Absolute numbers in these cases depend on per

File creation scalability with increasing
number of metadata servers

539724
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# MDS
Create

STAT/SEC

File stat (attribute query) scalability with
increasing number of metadata servers
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-server hardware performance, of course.
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BeeOND 0 BeeGFS on Demand
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Cluster File Systems GFS'

AUsually: One big file system for the whole cluster

Clients

ADespite parallelism:
APotential bottlenecks:

A Network U JIU JAL JAU JAL J
A Hard drives \ \ l I /
Storage Servers Metadata Servers
| | 2
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Flexibility GFS'

AAny machine can run any BeeGFS service
AMultiple BeeGFS instances at the same time




BeeOND GFS'

APerjob on-demand storage

g | || |,

HEE
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The easiest way to set up a parallel FS GFS'

APackage part of BeeGF3epository

root@seislab-compute@node@2 ~>yum search beeond

Loaded plugins: auto-update-debuginfo, dellsysid, security

=========================== /S Matched: beeond ================= . See .
beeond.i686 : BeeOND SEEEe Gl
beeond.x86 64 : BeeOND » of
beeond-thirdparty-gpl.1686 : BeeOND Thirdparty GPL qubeemSponv SIS0l
beeond-thirdparty-gpl.x86 64 : BeeOND Thirdparty GPL 0 (RS e e

Name and summary matches only, use "search all" for everything. 7/
AStartup with a single command line

# beeondstart 6n nodefile od /data/beeond dc /mnt/beeond

Anodefile : contains all hostnames to run BeeOND on (one host per line)
A/data/ beeond : path, where BeeONDwill save its raw data on each node
A/mnt /beeond : mountpoint of the filesystem on each node

5113122016 | Bernd Lietzow




BeeOND o0 BeeGFS on Demand

ABeeGFS instance is started
when job starts

AProvides temporary storage
during job runtime

Als shut down after
compute job Is finished

AStage in/out process

Per-Job on-Demand Storage

i

Global Persistent Storage

Storage Servers

—

(LI

Metadata Servers

LS

—




Stage-in / stage -out

AParallel copy from
and to global store

AOptional
ADepending on 10-pattern

of job

il
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Move storage closer to computation

AScales with job size
ACloser to the computation
ALess network traffic

AReduces traffic on
global storage servers

ASpeeds up"dirty" 10 patterns

Per-Job on-Demand Storage

i

Global Persistent Storage

Storage Servers

—

(LI

Metadata Servers

LS

—




Features GES'

ASelectable number of storage + metadata servers
ADiskless nodes can be clientonly

AMultiple instances at the same time
AAccess to all BeeGFS tuning parameters

AUse tmpfs

AwWorks with any kind of global storage layer (NFS, ...)




Use-cases GFS’

ARead input once ARead and modify small chunks of

AProduce lots of temporary data data in-place
AWrite output all at once

ASome software can even be

ARead input x-times simplified when used with BeeOND

A Take advantage of one shared"temp"
filesystem instead of one temp folder
per node

ANo temporary data
AWrite output in random pattern




Buddy Mirroring
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High Availability - Shared Storage GFS'
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High Availability - Shared Storage GFS'

+

A No additional storage A Expensivestorage
capacity needed components needed

A 3rd party software
components needed

A Complex to set up and
maintain

A Failover Risk
A No increased data safety
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Built -in Data Mirroring GFS'
<
ABased on amirror buddy grou‘gl!o of
A Primary/secondary target in a buddy group GFS
Internally replicate chunks
A But; Targets can still also store nonmirrored chunks chz
A Write operations are forwarded for high throughput ol

A Read possible from both targets

Alnternal failover mechanisms
AIn case primary is unreachable or
fails, an automatic switch is performed .
A Selthealing (differential rebuild) ‘E=EEE
when buddy comes back

] ] ]
!‘ e ‘I c ! £

> U a> > Y > A 4L (D > Y <>
_ ed™ gJe™ Jey™ ez
AFlexible: Can be enabled globally or Tgt1 Tgtz Tgtd Tgid  Tgt5 Tgi6 Tot7 Tgts

I " BG 2
TSN 0N a per-directory basis HEE WlsE e WIEE 8 WIEE MBG 3
Qz&o 1 1 2
(©)
°
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High Availability o Built -in Replication GFS’

+

A Flexible (eplication A Overhead in storage
configurable per-directory) capacity

A Easyto scald extend A Write penalty for replicated

A No 3rd party tools for data

monitoring and failover
functionality

A Any storage backend can
be used

A Additional data safety
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[ /beegfg mirrored ]

Target 1

Target 2
BuddyGroup 2

Buddy Mirroring per Directory

[ /beegfdunmirrored 1

1 35 7 n

Target 3

2 4 6 8 m

 EEEEEEEE
2 4 6.8 m

Target 4
BuddyGroup 2

<ji’
GFS’




Target States

Alntroduced in BeeGFS015.03

ATwo different states for targets
AConsistency state
AReachability state

Alnternally used for several

optimizations
Almportant for HA
ADisplay with beegfs-ctl

whrbach@seislab-masterl:~% beegfs-ctl

Reachability Co

Online
Online
Online
Online
Online
Online
Online
Online
Online
Online
Online
Online
Online
Online
Online
Online
Online
Online
Online

L300
e ____________________________________________}
An Introductio

GFS

--listtargets --state

NodeID

- ____________________________________________
S| 13.12.2016 | Bernd Lietzow
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Reachabllity State GES'

AOnline
AThe target is reachable and fully usable by clients

AProbably Offline

AThe target might be offline
AMirrored files on this target may not be accessed

ANon-mirrored files can be attempted (but may fail)

Aintermediate state avoid races and split-brain situations / \

AOffline

Alf target is part of a buddy group, try a switchover
Offline
e
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Consistency State GFS'
AGood I
econaanstarts
ATarget may be used without limitations aﬁercrfsh

ANeeds Resync/ Resyncing sue-

ATarget needs aresync (or resyncin progress) BNEECEREST e
AOnIy valid for secondary targets

Pushdatafrom
AClients may still accessnon-mirrored files Drimar
ABad
Secondary

AA resync failed offline?
ANeeds manual intervention

v

An Introductio S| 13.12.2016 | Bernd Lietzow



Resync GFS'

ACompletely transparent & automatic in case a node comes back aft
failure

APushes all chunks modified since last successful communication from
the Primary to the Secondary

AOptionally (e.g. for rebuild of completely lost storage target): All files

ACan also be triggered manually

AStatistics through beegfs-ctl




Tools & API
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GUI for Windows -style Installation GFS'

BeeGFS admon @ localhost:8000 (on fslab-s01) ~) (=) (¢

Admen  Administration  About

< 1) =5 Eanfigraiio -0 X t

7
‘ I I [ Defineroles |\ Create basic corfiguration | Configure Infiniband B

Step 1: Define roles,

Flease define the management host and the names of the hosts that shall act as metadata servers, storage servers and clients. For
each category provide one hostname per line. The default value for the management daemon is the same host, which runs the admon
daemon.
Right-Click into the boxes to modify the lists.
& Menu Managerent daemon [fs\ab-sol
@) [ Metadata nodes
@ ) Storage nodes Metadata servers Storage servers Clients
@ £ Client statistics fslab-s01 fslab-s01 fslab-c11
) User statistics fslab-s502 fslab-502 fslab-c12
£ Management fslab-s03 fslah-s03 fslab-c13
) FS Operations fslab-s504 fslab-s04 fslab-c14 SRInstall BecGES] -0 X
(& B Installation fslab-c15
O S amtion felab-c18 Install BeeGFS
P Install fslab-c17
< Uninstall fslab-c18 Based on the information provided in the previous steps, an automatic installation of BeeGFS is performed now. Please check
& Installation Log File the data gathered about your nodes before you continue,

Type Host Architecture Distribution
managment felab-s01 %86 64hit Sciertific Linux release 6.8 (Carbon)
metadata fslab-s01 %86 64hit Scientific Linux release 6.8 (Carbon)
metadata fslab-s02 %86 64hit Scientific Linux release 6.8 {Carbon)
metadata fslab-s03 %86 64hit Scientific Linux release 6.8 [Carbon]
metadata fslab-s04 *86 64hit Scientific Linux release 6.8 [Carban)
storage fslab-s01 %86 G4hit Scientific Linux release 6.8 (Carbon)
storage fslab-s02 x86 Gdhit Scientific Linux release 6.8 (Carbon)
storage felab-s03 %86 64hit Sciertific Linux release 6.8 (Carbon)
storage falab-504 %86 64hit Scientific Linux release 6.8 (Carbon)
client fslab-c11 %86 64hit Scientific Linux release 6.8 {Carbon)
client fslab-c12 %86 64hit Scientific Linux release 6.8 [Carbon])
client fslab-c13 *86 54hit Scientific Linux release 6.8 [Carban)
client fslab-c14 %86 84bit Scientific Linux release 6.8 {Carbon|
client fslab-cl5 *B86 gdbit Scientific Linux release 6.8 {Carbon|
client fslab-c16 %86 64bit Scientific Linux release 6.8 {Carbon)
client fslab-c17 %86 64hit Scientific Linux release 6.8 (Carbon)

Save Teiellrrd] st ey Next| |client fslab-c18 %86 64hbit Scientific Linux release 6.8 {Carbon)
Reload Install
W

Currently logged in : Administrator

S| 13.12.2016 | Bernd Lietzow
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Live Throughput Overview ) GFS'

r-u‘ admaon@/lecalnosEB000(on seislab-masterz -0 Xﬂ
Admon  Administration  About
A
- RS torage|Nodas OV arviaur) X
‘ General information
Status: @ 10 @ O Disk space: 513560 TE Used disk space : 390.660 TB Free disk space: 122.899TB
GFS Throughput
Show the last |10 minutes (1 sec samples) '
B ven Throughput (MB/s)
&) £ Metadata nodes
&) [ Storage nodes 7000
@ Overview
@ ) Mode details B500,
) I Client statistics 5000,
< Metadata 5500
| < Storage
(=) I User statistics 5000
< Metadata
4500,
| < Storage 7
(:) ) Management 4000
@ E'J FS Operations 3500,
@) B Installation
3000
2500
2000
1500
1000
500 b\
o Wl
11:11 AM 11:12 AM 11:15 AM 11:14 AM T1:15 AM 11:16 AM 11:17 AM 11:15 AM 11:13 AM T1:20 aM
Bl ¥ Read W W write | Il [ AverageRead | [l [ Average Write
W
< ]
Currently logged in : Administrator
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Live per-Client and per -User Statistics

Admon

Administration  About

«il’

GFS

(&) [ Metadata nodes
) Storage nodes
(=) &7 Client statistics
¥ Metadata

¥ Storage

(=) IV User statistics
Metadata

“» Storage
Management
FS Operations
Installation

Currently logged in: Administrator

<

Filter
Set Filter
ookLl statLl revalLl openLl  createll
11678 12021
10240 10260
1672 1638
66 123

Settings Filter Use Hostname
Interval in sec: S Number of clients: 207 Set Filter W
Client Statistics
clignt IP SUrT rnkdir creste rrndir open stat unlnk lookLl statll revalll openll  createll
sum 47087 44 11 1738 3629 10240 12089 12142 1
seislab-master3... 30997 11 20 10240 10240 10265 1
152.168.72.252 15776 44 1737 3518 1752 1747
node9z.ib.cluster 134 1 37 61 34
nodeSlib.cluster 286 g 1 16
node79.ib.cluster 26 9 1 16
node?8.b.cluster 26 9 1 15
node?4.ib.cluster 26 9 1 16
nodes6.ib.cluster 26 9 1 16
nodess.ib.cluster 26 =
L]}
192.168.72.253 4
File Edit Wiew Terminal Tabs Help
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Striping AP GES'

Alnclude file beegfs.h
ACreates new files with stripe-settings ==u
ABlock size T

ANumber of strip targets

AChecks a given path if the file-system is

a BeeGFS

-
N\
AStripe pattern
AGets the striping information of a file zoe] [zue) |me] 2
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Cache API GES'

ATwo storage layers

A Globally visible layer for capacity on traditional HDDs Cache- Cache- Cache-
Domain 1 . Domain 2 . Domain n
A Avoid accessing this layer as much as possible for 0 :
Non-coherent ] )
. - Subdomains for [ 8 8
maximum scalability scalable Caching [l : :
_ : 0 8
A Partitioned cache layer for work-in-progress data ' '
non-coherent . .
0

A HDD or High-throughput solution with SSD or NVMe i QOIS

. Per-Subdomain [W ' [% ¢
A Cache layer is accessed through newBeeGFSCache AP cachesontvm o L& 1~ 14
NSNS \/1\\/

A Use especially for temporary files and data that is not flush_to_global() / \
prefetch_to_cache()

written In Iarge chunks Global parallel Storage

Layer with traditional
Hard-Disks

An Introductio S| 13.12.2016 | Bernd Lietzow
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Cache API GES'

Alnclude file deeper/deeper cache.h
AO pen () Cache- Cache- Cache-

Domain 1 Domain2 ™ Domainn

A Additional options which are executed during

Non-coherent 21171
Subdomains for [

the close() C discard or flush on close scalable Caching [f¢

ACIOSe() non-coherent

Aprefetch() write_to_cace( 2 ol ” : | }
] _ Per-Subdomain [W : [% ' f%

ACopy a file/directory from global FS to cache FS  cachesonnwm [ T ¢ 1 1% 17 ¥
NKAKH \/1\\/ NSNS

AF lush () flush_to_global() / \

prefetch_to_cache()

ACopy a file/directory from cache FS to global FS

Global parallel Storage
Layer with traditional
Hard-Disks

An Introductio S| 13.12.2016 | Bernd Lietzow
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What's new In the recent Major Releases? GFS’

A ©--OND (-~ -GFS On Demand)

A Enterprise Edition (Codename: Trinity)
Quota Enforcement
Access Control Lists (ACLS)
Built-in data mirroring and metadata mirroring

A PerUser Statistics inAdmon GUI
A New setup tools (/opt/beegfs/shin/beegfs -s e t up &)
A “--GFS C API




_ <fi’
License Model GES

A BeeGFS is free to use for end users: www.beegfs.com/download

Ready-to-use binary packages
Complete source code also available (but: BeeGFS is intentionally not a community project)

™~
A System integrators/partners for turn  -key solutions L dNSteC
. BeeGFS allows us to easily deliver peta
SyStem setup and tuning scale turn-key storage solutions
First point of contact (1st- and 2nd-level support) - ranstec

Partners make back2back contract with ThinkParQ for 3rdlevel support

A Professional 3rd -level support contract

Pricing based on number of servers and timeframe (e.g. 3 or 5 years)

A Support contracts are also the
_ financial basis for development of
Special customer website area: www.beegfs.com/customerlogin great new features

Access to enterprise edition features

2016 | Sven Breuner
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Global Turn -Key Solution Partners o w o GFS

= GRAU DATA —~
R = == /\ DELTA samBcO
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Advanced mw

HPL B =
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WEEADRELNORKS

- Enterprise
~ microstaxx o' P N E‘ DA L@
HAMBUR GNET www.dalco.ch
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INCORPORATEDNDataDlreEE K&QEQQMPQTERS PENGUIN E4
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BeeGFS In use
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BeeOND - Use In Fraunhofer Seislab GFS’

AFraunhofer Seislab
Aln-house cluster of Fraunhofer HPC Department

A100 compute nodes with 1 TBof SSDseach
AGlobal BeeGFSstorage on spinning disks [ : 1[ : 1[ : 1

ACreate BeeONDon SSDs onjob startup
Alntegrated into Torque startup

AStage-in input data, work on BeeOND 13;%.2?;;%@
stage-out results

— 1
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GFS’

10 Servers
100 Clients

Customer Examples

[ 900 CIients Several PB Automotive

12 S eidelberg Institute for
— ‘nc " ?I'r::orgtilcaltétltld:es Olphm AI M L E R
GOE THE \W
UNIVERSITAT Paths oy,

FRANKFURT AM MAIN

2000 Clients
9 Servers

I'®,
Sﬁford ’ é‘
University

istituto DETNORSKE

S TOYOTA

geophysical
=" @ T | TEXAS AsM
e TULLOW . .,

DNV UNIVERSITE DE STRASBOURG
"50'“]“0 di UNIVERSITY OF CAPE TOWN :
tecnologla = Basic Research}

NUS -’

—
—
ﬂUI\II\J"EFI SITE

LI\ A JULICH EMBL i

National University Seismic Dat
Georg Ia FORSCHUNGSZENTRUM  “eegee®” of Singapore Analytics
Tech — wrbgletljgugridcnla

el Fraunhofer

MAX-PLANCK-GESELLSCHAFT

NYU |ABU DHABI SeismicCity

GWDG 1)

II hffrW| ens:
gmbHG g

4 v
P

X 30 Servers
Ar onne; BNP PARIB/ Deep learning,
gNATIONALLABORATORY | R 7\ 2 | a U \.E y‘?c\ﬁgale tS
m ERSITAT PADERBORN

<=
|_|fe SC|enC ‘4 B ROA . Die Universjtdt der Informationsgesellschaft U.D. Bioinformatics I B Dept of “
S % MOMO Research Center I I Chemical Engineering o
: eegj& INSTITUT E TECHNISCHE UNIVERSITAT BiRC Aarhus
4 ILMENAU

2016 | Sven Breuner



Why do people go with BeeGFS?

Q) o

N\
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e

7
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7
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2
»
SITas ARY

rock-s o | 1
- Bioinformatics Aarhus, Denmark

- 0 Ware extremely happy with our

3.1PB BeeGFS on 30 serversa it runs

d. o

(s

After

many wunplanned

unpl anned

- Un

previous parallel FS, we moved to BeeGFS

more than 2 years ago. Since then we had no
downti mes any

of Halle, Germany

R

)

’[./', FRED HUTCH
N Y

CURES START HERE"™

oWedre now at one year| of upti
single hitch of the BeeGFS. 0

- Fred Hutchinson Medical Institute, USA

f(‘) We 0 v e Bee®FS performing very well and
also saw its easy and robustness o which we did

W hdt BeSin any Bth& parallel file systems . o
g - CIusterVision/

mo e E tlustervision
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OcULUSO A Typical HPC Installation

Campus
Network
o

AAY'A be eg

I\

2 HeadNodes

I\/
AN

e el e )

4 LoginNodes
\ J

I\
J

2X Meta

I/\

7x Storage

W ]

T
TOU 1D

1IAYA
7J

Sustained sequential read/write:
21GB/s

InfiniBand
Fabric

\ 40 GPU Nodes/

\
/

572 CPU Nodes

\ (9600 Cores) /

<ji’
GFS’

&(‘ UNIVERSITAT PADERBORN

Die Universitiit der Informationsgesellschaft
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BeeOND - Use at Alfred -Wegener -Institute

ACray CSseries Cluster
AGlobal BeeGFS storage orspinning disks ( )
A300 compute nodes with a 500MB/s SSD each

Alntegrated iInto Slurm prolog/epilog script |~ =

ACreate BeeOND on SSDs on job startup [1[1{1

AStage-in input data, work on BeeOND,
stage-out results

ALFRED-WEGENER-INSTITUT

*
==A ) g @ MI HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG

user-controlled
data staging

<ji’
GFS’

2016 | Sven Breuner



. . 1
A workload -optimized solution (1/3) ) GFS

A Customer Situation

2 Mio EURproprietary solution

served home directories and HPC work storage
HPC compute jobs were all single core (life science) working on the same data
Compute nodes uplinked with 1GbE

30 to 40 single core compute jobs saturated the storage,
making it completely unresponsive

ACustomer 6s Expectation

Build a dedicated storage just for the HPC cluster EMBL =z

Use fast 10k or 15k disk driveso or even SSDs

Wb Create a system serving 100k+ randomIOPS
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A workload -optimized solution (2/3)

K Existing storage systery

\_

~
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100 Compute
Nodes /
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. . 1
A workload -optimized solution (3/3) ) GFS

oy

A Findings through workload analysis

About 0.5 TB of cache should be sufficient
Disk performance becomes irrelevant then

BeeGFS can make use of 40GbE very well

Vo

A Solution

2 storage serverso together 1 TByte RAM

40GDbE uplinks for the storage servers

60 disk drives for persistent storage EMBL s

o Tested with 600 single core compute jobs and no drop in performance
o
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Another workload -optimized solution (1/2) i GFS’

ol

A Situation

16 to 32 clients write sequential data, each client a unique data set

2 to 8 clients read through (some of) these datasets

No owritero needs to access data of any other
Reads are executed when no writes are done

Required sequential writes of 30+ GB/s

A

A Customer Expectations

Based on previous systems the customer expected to need 800 to 1000 disks
In several fibre channel based systems

FDR I nfiniBand to get enough throughput for t he
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Another workload -optimized solution (2/2) GFS'
A Solution

8 storage nodes, each with FDR
Infiniband

/‘ 60 disks per server,

EEEE 480 drives total

Stor:g)é,\.ode 3 RAID controllers per server,
<aji’ RAID6 8+2
NEEEE ) A Performance
'”E'lfr?c”d 40 GB/s sustained writes

Each reader gets 4+ GB/s
1.5 PByte usable capacity
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A hyper -converged solution GFS'

AFour compute nodes for seismic data interpretation

Al2x 3.50 drives per comr\\

ABeeGFS running on compute nodes,
no separate/dedicated storage servers
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Bees up in the Clouds GFS’

Al ready avail abl eé
(Thanks to funding and technical support from Amazon)

Upcomi ngé
(Thanks to funding and technical
support from Microsoft)
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