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® \Why are large storage systems relevant?

® What are the challenges!?

® How large are storage systems today!?

® Which technologies are used?

® Which technologies are emerging?

® What can we expect from current and future technology?

® Summary and Conclusions

Outline
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According to International Data Corporation, the total amount of global data is
expected to grow to 2.7 zettabytes during 2012.

This is 48% up from 201 |.
The storage industry has sold more than 350 exabyte of storage in 201 |.

Multi-PB storage systems are a norm and available by many vendors!
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Technology

DRAM

NAND

SSD

HDD

TAPE

Situation

4 companies have 90% of market share:
Samsung, Samsung, Hynix, Micron, Elpida
(bancrupt)

4 companies have 99% market share:
Samsung, Toshiba, Micron, Hynix

> 50 companies
3 companies only:

Western Digital 50%, Seagate 39%,Toshiba 11%

3 technologies:
IBM, Oracle, LTO---consortium
LTO has 90% market share

* included in NAND numbers

Storage Market

Units Sold Volume Sold

[ Million ] [ Exa Byte ]

800 2

4000 19

|7 3
/

90% of capacity
sold!

630 330"

27 20

From Bernd Panzer Steindel/CERN
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o |al"ge V0|ume & meta data scale-out storage systems,

aggregation & federation

®  PB Stores with millions to billions of objects

new redundancy methods - RAIN,

* can a hierarchical namespace be kept? eventual consistency with quorum on object
. versions
® new scale of hardware failures
/
® e.g |2k disks ~ | failing disk per day "‘l/StgHbP;'; storage
W/O S/Aynamao
®  multi-PB RAID-6 probability of data loss within 5y at n-% level principle
. . . . | 1 I ‘t
e flexible, sizable and administrable -

®  capacity growth and life-cycle management in production _
storage tiering

® manifold requirements and tuning parameters

®  bandwidth, IOPS, latencies, costs, volume/object/user scalability virtualization )
® interfaces for objects, files, block devices, cloud infrastructure
® technology evolution decreases performance:capacity ratio volume grows

faster
than bandwidth -
MB/s per GB

e at large scale!
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POSIX
Cluster Filesystems

Cloud/MapReduce
Storage

Commercial Products Open Source

Hardware Solutions = : Software Solutions
{'.ﬁr _—_—E “Buy & Build”

“Storage in a Box”

... but also coalescing
into many hybrid storage systems ...

World of Storage
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widely used distributed FS

the HPC leader

CASTO R No-SPoF architecture

D PM .. no production system
s Cache 4roo

LUStre scale-out architecture
CEPH ..acquired by RedHat
_______ = (G| USTER changes in semantics

ion
53 standard in cloud market
HDFS
. =
SW|ﬁ becoming a standard
for MapReduce

Storage Software
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Client SERVER

Client AC AC MDS/T OST
View Mapper
View: Which file exists? PP Lustre/
Mapper: Where is it? NFSv4. |

Access Control: Can | do that?

GLUSTER

OST

D difficult to scale | | bject o
Obijects Storage GW

CLOUD

Difference in implementations
* Location of components (client/server side,in-/out-of-band) Bucket
* Implementation of View, Access Control & Mapper

* MD Content, Object Content l

Scalable Storage
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How to scale?

View Mapper View Mapper
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® Options

® remove view - pure key-value store
out-source ‘problem’ into NOSQL solution

Complex Solution

dynamic subtree partitioning providing full hierarchy

Bucket Name

Scalable Storage

Tuesday, August 28, 2012

® split view by ‘directories(-parts)’ or ‘buckets’

distribute pieces over many machines and make redundant

Trivial Solution

flat bucket space with internal pseudo hierarchy

X

OTMmMOUN®>S




® Options

2160 - 0
) \/a single vnade/partition

Algorithmic mapping / node 0

a ring with 32 partitions «2160/4
® hash(key) => Lookup-Table => [Locations] \ [ node 3 |

° Consistent hashing Dynamo principle \ —
t

26072

AN

hash(<<"artist">> ,<<"REM">>)

221 Location can be computed on client and server side without MD

lookup

% Files have to be chopped into small pieces for good balancing -

homogeneous pool segmentation needed

Location Index (Cache)

® stored along with meta data or cached

24+ Location needs external lookup on clients and storage servers

= More flexibility in placement policies - ‘simpler to look at’

Scalable Storage

Tuesday, August 28, 2012
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What is a large
storage system today?

Tuesday, August 28, 2012 13



LHC Storage
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Number of managed files - April 2012 CRSG Recommendations

M DIsK B TAPE

400 PB

.. the storage is aggregated
and virtualized by experiment
frameworks

This are only managed files (there are more user files)

@ ALICE @ ATLAS @ CMS @ LHCB 2012 2013

LHC Storage
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. Volume | B Devices

' |3 PB

CERN EOSATLA' ~

FNAL dCach
FZK dCache

5000

6.5 PB 2500

FNAL dC
OPB " CERN EOSATTAS

FZK dCache

& Ob]ects L B Server Nodes

70 Mio

300

150

FNAL dCache
CERN EOSATLA

FZK dCache

FNAL dCache

0

FZK dCache

LHC Storage
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Facebook Large Storage Installations

B HDFS B Cloud Storage & Cluster FS
30 PB :

0 125 250 375 500
22 . 5 PB SDSC Cloud SWIFT E D /< OpensS:urce >
DSRK Blizzard GPFS M)
I 5 PB E }Object based)
n dispersed storage
7. 5 P B ‘ HPC technologD
20 I I IBM Almaden GPFS* Sl X 0l =d 2 ’

010

* scales to 10 EB

Blue Waters CRAY Lustre™** 5 OO P B ** does not exist yet!

O PB 008

From facebook.com Paul Yang Facebook Engineering

Today: Cleversafe 10 EB system would
require 4.5M disks and cost several billion $$ !

Other Large Storage Systems
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20072008 2009 2010 20| |

B Objects
1000 Billion

500 Billion

2012

650k Request/s

From Amazon Web Service Blog

B Disk Storage

There is no information
available about the average
object size. This is just an

censiryssmpin. \ 0 PB 200 PB

Amazon 512k per object

Yahoo!

GOOGLE. does not
publish these numbers ...

From LTUG 2012

..there are many other Cloud Storage Provider: DropBox, iCloud, Google Drive ..

Other Storage

Tuesday, August 28, 2012
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Technology Trends
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_WANTED
DEAD OR ALIVE
- Slb]ect
P Obiject

Device

Access Protocols

Complex/rich features set Simple/reduced feature set

HOSIA

standard applications run out of the box with this interface applications have to be enabled or use a

download - process with POSIX - upload approach
* POSIX via AFS, Lustre, GPFS, pNFS or FUSE client

** RAP: remote access protocols like ftp, XRootD, DCap++, rfio

Technology Trends

Tuesday, August 28, 2012
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. POSIX(-lile) Storage e
® GPFS, Lustre, AFS, pNFS, OrangefS, GLUSTER et.al.
o (CEPH, FUSE driver for <xyz> et.al.

2. Cloud Storage &> i,.“j

key-value DB’s

® Amazon S3, Swift, Facebook Haystack et al.

map reduce

3. Map-Reduce Storage -f a3

=4 .
meg » e

® GOOgIeFS, HDFS et.al. . Fom Some solutions mix semantics and
technology

Technology Trends
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Scalability is sufficient for designed use

“GPFS scans 10 billion files” o errchca ramespacs

AN
Richard Freitas, Joseph Slember, Wayne Sawdon, and Lawrence Chiu. GPFS Scans 10 Billion Files
in 43 Minutes. 2011.

http://www.almaden.ibm.com/storagesystems/resources/ GPFS-Violin-white-paper.pdf

e theoretical exercise (policy scan)
O-size files and 6.5TB of meta data

* meta data on SSDs (violin memory)
e > |[MIOPS @ 4k
e 4 GB/s
‘would require hundreds of hard disks to reach SSD performance’

Technology Trends Aemad Cloud storage is leading a way out!

Tuesday, August 28, 2012 23
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access
aio_cancel
aio_error
aio_read

aio_return
aio_suspend
aio_write
chdir
chmod
chown
close
closedir
creat

dup

dup2
fentl
fdatasync
fdopen
fstat

fsync
getcwd

link
lio_listio
Iseek
mkdir
mkfifo
msync
open
opendir
read
readdir
rename
rewinddir
rmdir
stat
umask
uname
unlink
utime
write

POSIX 1O

Technology Trend

Cloud Storage

>

Simplifications mainly:

* Drop Namespace Hierarchy

* WORM - write once read many
* GetObject [Range] PutObject,
Disleie @lo)Eas

e bucket handling

simplifications-=> simple resilient
scale-out architecture

Service

GET Service
Bucket

DELETE Bucket

DELETE Bucket lifecycle

DELETE Bucket policy
DELETE Bucket website

GET Bucket (List Objects)
GET Bucket acl

GET Bucket lifecycle

GET Bucket policy

GET Bucket location

GET Bucket logging

GET Bucket notification
GET Bucket Object versions
GET Bucket requestPayment
GET Bucket versioning
GET Bucket website

HEAD Bucket

List Multipart Uploads

PUT Bucket

PUT Bucket acl

PUT Bucket lifecycle

PUT Bucket policy

PUT Bucket logging

PUT Bucket notification
PUT Bucket requestPayment

PUT Bucket versioning
PUT Bucket website

Object

DELETE Object
Delete Multiple Objects

GET Object
GET Object ACL
GET Object torrent

HEAD Object
POST Object

PUT Object
PUT Object acl

PUT Object - Copy

Initiate Multipart Upload
Upload Part

Upload Part - Copy
Complete Multipart Upload
Abort Multipart Upload
List Parts

S3 AP

interface changes =>

compromises

Tuesday, August 28, 2012
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http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketDELETE.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketDELETE.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketDELETElifecycle.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketDELETElifecycle.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketDELETEpolicy.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketDELETEpolicy.html
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http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketGETlocation.html
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http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketGETnotification.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketGETnotification.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketGETVersion.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketGETVersion.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTrequestPaymentGET.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTrequestPaymentGET.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketGETversioningStatus.html
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http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketPUTlifecycle.html
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http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketPUTpolicy.html
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http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketPUTlogging.html
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http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketPUTnotification.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketPUTnotification.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTrequestPaymentPUT.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTrequestPaymentPUT.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketPUTVersioningStatus.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketPUTVersioningStatus.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketPUTwebsite.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTBucketPUTwebsite.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTObjectDELETE.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTObjectDELETE.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/multiobjectdeleteapi.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/multiobjectdeleteapi.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTObjectGET.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTObjectGET.html
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http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/RESTObjectCOPY.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/mpUploadInitiate.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/mpUploadInitiate.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/mpUploadUploadPart.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/mpUploadUploadPart.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/mpUploadUploadPartCopy.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/mpUploadUploadPartCopy.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/mpUploadComplete.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/mpUploadComplete.html
http://docs.amazonwebservices.com/AmazonS3/2006-03-01/API/mpUploadAbort.html
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Cloud Storage

Tuesday, August 28, 2012

® 900 Billion Objects in Amazon S3
® 100 Billion Photos in Facebook 201 | . allows large installations ]

increased latency eyt
eventual consistency F; s@
reduced but simpler storage interface S N

goes along with MapReduce for efficient data access

® move task where the data is, optimize for large |Os, rewrite your

application “no POSIX”,WORM & append-only Y X
.. solved the web problem

proven scalability and manageability e.g.\ re—— )

sequential small reads

to be easy operable and cheap

can run in nNo maintenance mode

® no repair approach - a failed disk or node needs no intervention

® exchange/migrate all after natural lifecycle of the whole system

Cloud:
Overall performance and scalability
HPC:
Single client performance

25



Tiered storage is the assignment of different categories of data to
different types of storage media in order to reduce total storage cost.

LHC storage demonstrated that HSM

® Examples ————
® SNV Systems
o Lustre™M GPFSHM dCache, CASTOR | ,
e ILD/SSH = HD + SSD Cache i)
e /L -Virtual Tape Libraries
e CAS - Content-addressed Storage

characteristics.

hides the tape 10 )

Cloud storage with POSIX AP,

Technology Trends
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Multi Tier Storage Solutions

Three-Tier Solution: Fast Disk, Capacity Disk, Tape

SEN— - E-TT

Cr2TExSAS T T I2NESAS
I DS3524 #15, 24 x 300 G8 SAS t

| DS3524 #14, 24 x 20 GB SAS |
| DS3%2¢ #13, 24 x 300 GA SAS |
. NSDSonedd

| DS3524 #10, 24 x 300 G SAS |

| 053524 #9, 24 x 300 GB SAS |
| KYWMotonad 00

GbE

= 1B 10 Cluster

IB = GPFS, GbE = Admin

—
-

| oswsaem. 24x30008 548 |

| DS54 47, 24x O GBSAS |

Ll

3ves

Tier 1 - 15000 RPM Disk
Build Block #3A

Usable capacity < 13 TB
Stroaming write « 8 GB's
Streaming read < 13 Glvs

0P write: 48.000 to 72.000 1OP's
10 read < 72,000 to 160,000 10Ms

Tier 2 - 7200 RPM Disk

Variation of Buidng Block #1A
Usablo capadity < 0.5 PO
Streaming write < 3.2 Gils
Streaming read < 40 GBs

Tier 3-LTOS
Usablo capacity < 1.5 PO
.]M

Wrie <20G8%

Roas: TBD

a 3xLTOS <338 MB/s

| 053524 08, 24x300GBSAS ||

SN F-TTT - —

| DS3524#5,24x300G3545 |

= S 11X — |

g s Y T i2a8x SAS -
[ osss24 4,20 x50008 545 |

[ Ds3524 43, 24 x 300 GB 5AS
| DS3524 42, 24x 300 GB SAS |
| DS3524#1,24x300GB5AS |

Ll

Ll
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 EhoeosiSwicher
{Bomcher T
==
H
DCS3700 w14
Exparsion Traye
1 — W= L L
i et e 12 HPSSDamMover 82~
T ossz 12x278 msas |
X o E% FCl [ expasiz 125278 nsas |
iskasieabd FED [ EXP3512 12x 278 NLSAS ]
DCS3700 824 | exrasiz 10x278 MsAS |
| expasiz 10x278 msas |
S——p | exrasz 10x278 msas |
| expasiz 10x278 MSAS |
S | expasiz 105278 msas |

b. 5xLTOS < 560 MB/s
Assumes uncompressed rates.

HPSS Manages the tape tier and
integrates with GPFS ILM

HPSS Data Movers manage the
HPSS disk cache and tape drives.
The DS3512 storage is used for
tape caching and storing small files
while tape is used to store large
files.

HPSS Core servers manage HPSS
Metadata Is stored on a DS3524

® allow to shape/optimize

performance
* e.g. convert stream perf. to |[OPS
* save money having the largest
capacity on the cheapest media

® does not work for all work

loads
e the dimension and performance
parameters of the tiers must meet
usage pattern.

e otherwise:
*no guaranteed gain
*no savings

Promising approach:
combination of cloud storage as a capacity store +
front-end with fine-grained and performant 1O
interface e.g. HSM enabled filesystems, dCache,

XRootD FRM
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QOS Classification
() Tier

— Federation A

- bypass central aggregation bottleneck
for ro access
- profit from knowledge of GEO

GEO Hierarchy
O Global Federation

O Cloud Federation

hierarch
- y J
i T
Aggregation
= - build large storage system out of limited-
LH C StO rage MOUE!: scalable storage sub-systems

Aggregation of many storage sites into one virtualized storage system.
Requires centralized tracking for placement and location.

Technology Trends
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RAID: uses redundancy algorithm on device level

L/D RAIN: uses redundancy algorithm on file/object level

5 ewss distributed over nodes
i i ii

RAIN combined with block checksumming is a perfect match for very large storage systems
e space overhead configurable via algorithm e.g. Reed Solomon 10+3 = 30% overhead
* allows to scale rebuild performance independently of stripe widths
* allows to repair device failures and silent corruptions

allows to scale 10 performance per object

reduces the data loss scenario compared to RAID

no need for hardware RAID controller or multi-path storage

Available e.g. by NetApp, PanFS, Cleversafe ... GPFS implemented as native RAID (=RAIN) on AlX.

Technology Trends SR T o RAIN replaces RAID in large storage systems

ST A YT
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® GLUSTER & CEPH are providing an S3 and

O bi eCt StO re i nte rface iCommercial importance of SB!)

o | USTRE & HDFS work on distributed/
federated namespaces \@mg asslie 3

‘technology’ to scale storage.
® pNFS - client iIn RedHat 6.2
PNFS has not been widely accepted (yet) bD

® new NFS v4.2 standard coming the storage industry

® defines SSC (server side copy), application data blocks, space
reservation, sparse files and 1O advise, targeting virtualized data centers

Will pNFS ever displace native clients in Lustre & GPFS?

Technology Trends
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® Virtualization of Storage

® not new concept

° Cluster Filesystems use storage virtualization on block, disk, file and filesystem level and virtualization of
tape via HSM etc.

° important for fully virtualized data centers hosting VM and database images

® Storage in virtualized Environments

® run storage system as a virtual appliance in a virtual machine
e.g. the GLUSTER Storage Appliance

® simplifies deployment and configuration ‘Storage as a Service’

® allows on-the-fly deployment of a distributed storage system in cloud
environments

® allows performance confinement within a virtual machine

® GLUSTER reportc onlv a 8% dacwe~A-wio -

.. Y
| and can not quickly be moved or exchanged once It IS filled.

Limitation: Storage is statefu

| PB@ IGB/s— |1, 5da s
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AREAL DENSITY (Gbit/in?)

10000
[ | HDD Products |
] NAND Products 20%lyr ——
1000 A TAPE Products e —
40%lyr |
100 HDD
NAND 80%/yr [ L= -
10 =
— - 40%l/yr
. 40%lyr |
| * MY 2011 SSD (FLASH) HDD (DISK) LTOS (TAPE)
' TAPE Drive Drive Cartridge
Capacity 0578 3.07T8 1578
| pn::c $1000 $150 $50
0.1 $IGB $2.00 $0.05 $0.03
Components 3-4 87 mm disk 1 tape cartridge
2002 2004 2006 2008 2010 2012 H et R Lt L
Device Volume 4.21in* 2421 14.8 In*
R o O - e ooy O, O YEAR Storage Density | 120 GBIin’ 120 GB/in® 101 GB/in®

Growth Rate Predictions

Market Trends

Tuesday, August 28, 2012
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Scenarios for 2014 Historical Conservative
s onaty oty | SPPTAE [ An TR T s v
40%/yr--NAND 20%l/yr--NAND 20%/yr--NAND

| TAPE
-- Areal Density 4.8 Gbit/in? 4.8 Gbit/in? 12.0 Gbit/in?
-- Minimum Feature T T -t
-- Cartridge Capacity 6.0TB 6.0TB 15.0TB
-- Volumetric Density

| HDD
-- Areal Density 2500 Gbit/in? 1300 Gbit/in? 1300 Gbit/in?
- Minimum Feature 0.010 um 0.018 um 0.018 um
-- HDD Capacity’ 12.07TB 6.0TB | 6.0TB
-- Volumetric Density 480 GB/in® 240 GB/in® 3¢ 240 GB/in® e
NAND Flash ¢ %
-- Areal Density 1300 Gbit/in? 700 Gbit/in? 700 Gbit/in?
-- Minimum Feature 0.012um 0.016 um 0.016 um
-- Chip Capacity 32GB 24 GB 24 GB
-- SSD Capacity? 27TB 1.27TB v 1.27TB v
-- Volumetric Density 480 GB/in® 300 GB/in® 3 300 GB/in® ¥

Tuesday, August 28, 2012

2014 Forecast

R Forawrw' O Decac’ & Hetrer' - 1IN Syssems Tecrvoiogy Growp, "M Ressach Dveson
18 Apet 2012

Tape Aggressive

Tape growth rate

2-4x HDD & NAND

35
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IT-DSS

Pt i AR A
Consumer HDD Prices

Hard Drive Cost per Gigabyte

1980 - 2009
$10,000,000.00
$1,000,000.00 cost—= 10—0. 2502(year—1980)+6.304
¢

$100,000.00

—— 4 Cloud computing skims )

¢ 50% of HDD market
=> shortages and price
$1,000.00 :
starvation
Thailand flood 25% missing in 2011 )
Ho => impact on HDD market prices — <\
X2 increase J2.0 Wizl 3011
$10.00
$100
[ Technology potential at its end )
=> new technology is evolvin
$0.10 gY s evoving <._P4ay'2()|2
- 0.05 $/GB
\90 \9# -@o‘p ‘ef? »90 ,&" Q\Q
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 HAMR limit is 5-10 Tbit/in?
~30-60 TB 3.5 HDD

* large production level 2016-2017
* expensive technology

e areal growth rate lower ~20-25%

Soft Underlayer Soft Underlayer

Seagate has achieved a milestone 1 terabit per square inch storage density using
heat-assisted magnetic recording (HAMR) technology

New lTechnology
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v 40 %

§V¢ /_

10

I

0.1
0.01

O MB/s per GB -y

1965 1987 1997 2012(15k) 2012(NL) 2018*

Assumption: Access Bandwidth in a | PB Storage System

2018 30 TB HDD @ 380 MB/s . GB/S/.\
I5 1200 * | TB / 340 *3TB \

| &
O - EEE R | i N

2018

* Gary Grider, Exa-Scale FSIO, 07/2010, LANL. Source: Raymond L. Paden, Ph.D. - IBM Deep Computing - 28th IEEE Conference on Massive Data Storage

Increasing capacity
reduces bandwidth to datal

Ciritical crossover point?

Tuesday, August 28, 2012 38



~ VT 7 ',w- —~ . - - i -~ r E ; s
.-q:*-'.!‘ 4 ﬁ"@ o oA PRNIAS T ’ vl e O e P S
\ A - sl _  pe—— '.-—..-;,‘ .:a-‘“; > - A ;' . .. Ll | _.."-j
,/\ ’ - - = r DR L — 17 - v NS /n._, rj\ R
oy 1 | Fos y et Ve - 7. v f O AT
F 0% 5 o el . »
Y R e
o d e
T S e = e T — ) k.ﬁh,vv,:ﬁgﬁ-;-:;.;::-:.:‘-..2';:53;2&*.‘1&'2

Average HDD and SSD prices in USD per gigabyte

HDD O SSD
Prediction
$40/GB

-

$0 ¥ —
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2000 2010 2011 2012
$0.054/GB

Data sources: Mkomo.com, Gartner, and Pingdom (December 2011) www.pingdom.com

Market Trends
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SSD

e
Type Capacity Streaming Rate r/w lS\E)vS
I | PB 168 GB/s 18.9M
g 'e?,fcke | TB 500/380 MB!/s 1535k
PCle 121678 2.Driv) 15113 GBis SOglfé Ir:Ok

5.1.2012 “Fusion-io Breaks One Billion IOPS Barrier”

SSDs can deliver Interesting for LSS to

IOPS & bandwidth handle meta data

en masse work loads
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.. alive .. market is growing!

Streaming Performance I Archive Data in PB
B LTO515TB aP e 120,000

B StorageTek 5TB 100,000
g 80000
250MBl/s Jr——— E 60000 .
200 disks E M tape use in cloud
40,000 = total
20,000
I OO |40MB/s
0 o
2010 2011 2012 2013 2014 2015
Source: Enterprise Strategy Group
Rfa'aderite, Il werRIUMN Eight-Generation Roadmap
Performance:Capacity Ratio o
( )
) al/better than NL disks ...
0.1 0.1MB/s GB )/ e o

Partitionin Partitioni Partitic Partition

0.05

0.05MB/s GB

Generation 5

Generation 1 Generation 2 Generation 3 Generaton 4 Generation 7 Generaton 8
O 025 Compressed Capacity 200 GB 400 GB 800 GB 1618 378 : 16 T8 32718
° Native Capacity 100 GB o _20008 o dOOGB - EOOGB 1578 | 1 - 5,418 - >128178 )
Compeessed Data Rate up 10 40 MB/s | up 1o BO MB/s fupto 160 MB{s up to 240 up to 280 MB.'§ 525 M&; up to /88 MB/s| up to 1180 MBJs
O Native Data Rate up to 20 MB/s | up to 40 MB/s |up to 80 MB/s | upto 120 up to 140 MB/s 210 MBJs] up to 315 MB/s] up to 472 MB/s
MB/ GB Neote: Compressed capacities for penerations 1.5 assume 2:1 compeession. Compressed capacities for generations ' with larger compressaon history Buffer).
S Per Source: The LTO Program. The LTO Ultrium readmap s subject 10 change without notice and represents poals and only.

Unear Tage-Open, LTO, the LTO logo, Ultrium, and the Ultrium logo are registered trademarks of NP, IBM and Guantum In the US and other countries

Tape most reliable and cheapest volume storage

for archiving and backup in future projections
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Storage Connectivity

Infiniband SAS

\ SDR DDR QDR FDR-10 FDR EDR
. Year 1999 2004 2008 2011 { ed; A
\ 4x 8 Gbit/s 16 Gbit/s 32 Gbit/s 412 Gbis  |54.54 Gbivd |100 Gbi's 2004 3
12X |24 Gbitls 48 Gbit/s 96 Gbit/s 123.6 Gbit/s | 163.64 Gbit 2009 6
X 2 Gbit/s 4 Gbit/s 8 Gbit/s 10.3 Gbit/s | 13.64 Gbit/s |25 Gbit/s 2013 (2) 12
Fibre Channel ISCSI/iSCSIoE PCle
ME Gbit/s full duplex  Availability - 2003 1.0a | 2 Gbit/s
1GFC 1.6 1997
2005 1.1 | 2 Gbit/s
2GFC 3.2 2001
4GFC 6.4 2004 200720 | 4 Gbitls
8GFC 12.8 2005 pROTOCOL
10GFC Serial 20.4 2008 201030 | 8 Gbitls
166FC 256 2ot Ethernet 240 | 16 Gbit/s
20GFC 40.8 20?7 b 1999

Standard: x1,x4,x8,16,x32 lanes
10 Gbit 2002 Common: x|, x4, x8 cards

40/100 Gbit 2009/?

‘|IiHHHHHHHHHHHIHHHHHHHHHIIII’
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What can we learn from Internet Storage!

* look at large storage in its
context

* storage is serving
applications, not driving them

Environment

e (LHC) storage is used in a
distributed environment
implementing a lot of
functionality on a higher level

Web Revolution:
Redesign storage around
their applications

\ i

Don’t stick to standards
and/or products|

X

What we should think about:

| Unification of Storage, Computing and
Network

2 Appliances for storage and computing

3 Rethink tier/replication model

4 Move redundancy into the application layer
instead of storage systems!?

= g S8 5 Base distributed storage on object stores?
What do we learn!? i £

Set or choose your standard
according to requirements and
use it consistently everywherel

Tuesday, August 28, 2012
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Future

Importance of storage systems will increase in the future

[on of mobile devices drives unseen growth of storage nceds s

=> huge market implications + technology push
® chance to profit from and contribute to large community projects
® commercial solutions follow market demands => options not only for HPC

® extreme large scale systems based on elastic object store in combination with elastic
databases providing meta data views

® | HC storage approach is compatible - useful to adopt big data technology

® overtime LHC storage might leave ‘comfort zone' where things still scale easily with used technology

e Exabyte storage for big data mining will become a new norm within years

Thank you for your attention!
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