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100 Years IBM

1911 1924 1949

1956

NOW

1952:

IBM Modell 726 erster Bandspeicher

» 18.000 Lochkarten

+ 1.440.000 Characters

* 1.44MB

+ Eisenoxydbeschichtung
+ 7-Spur Technik

Photo 1951 Prototyp

720 Meter Bandlange
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Photo 1952 IBM 726 in Betrieb
fim mm

100 BPI




IBM EDPM System 705,
die erste Installation in Europa bei

Kunde Farbwerke Hochst AG

Im Bild rechts erldutert Herr Horst Ubner, Ver-
triebsbeauftragter der IBM GS Frankfurt/M in
1957 die Speicherkapazitat einer Magnet-
bandspule im Vergleich zu Lochkarten. Er sagt:
sehen Sie, diese 12 Kartons -mit je 2000 Loch-
karten- die ich auf diesen Tisch gestapelt habe,
beinhalten 24.000 Lochkarten, deren Daten
kénnen alle auf dieser einen Magnetbandspule
-die ich in der linken Hand halte- gespeichert
und in einem Bruchteil der Zeit von Lochkarten
gelesen werden. Die Spule enthélt etwa 750 m
Magnetband und kostet runde 400 DM.

1953: IBM Modell 727 (728)
* 24.000 Lochkarten
+1.920.000 Characters

+1.92 MB

* 7 Spur-Technik

-

Enterprise Tape Entwicklung (nach Magstar)

— 2003 IBM 3592 (Jaguar Gen.1)
* 40 MB/s,
+ 60 GB ,300 GB Kassetten

— 2005 IBM TS1120 (Jaguar Gen.2)
* 104 MB/s,
» 100 GB, 500 GB Reuse, 700 GB Kassette

— 2008 IBM TS1130 (Jaguar Gen.3)
* GMR erste Generation
» 160 MB/s,
- 128 GB, 640 GBund 1 TB

Media Reuse
JA JB JC

300-640GB  700-1600GB 4000GB *
«native ohne Kompression, Kapazitat abhangig von
Laufwerksgeneration
SR e s e e

- 2011 IBM TS1140 (Jaguar Gen.4)
* GMR dritte Generation
« 250 MB/s,
» 500GB, 4TB
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Tape
29.5 Gbit/in2 Demonstration mit GMR - 35 TB Kassette

Press release on Jan 22, 2010: http://www.zurich.ibm.com/news/10/storage.html
Demo Hardware Platform » Perpendicular Recording (senkrechte Bitanordnung)

" » Ultrafeine Barium-Ferrit-Medien ohne Metallaufdampfen
» Reduktion der Spurabweichung auf unter 25 nm

» Spurbreite auf unter 0.45 pym (Faktor 25)
» Erhéhung S/L-Geschwindigkeit um Faktor 38

60

Target BER: 1e-4
0.2 um reader width

Position (um)
Increase in linear density w.r.t. 343 kbpi (¢

0 1 2 3 4 5 6 7 8
Time(s)

Track density = 57 ktpi (track width = 0.446 um) | l FPS4 Linear Density w/ 16 DDNPML: 518 kbpi

> Archivierung und Langzeitdatenspeicherung

> riesige Kassettenkapazititen
» stromloser Datentrager

Zielsetzung Anfang der 50-er Jahre:
Reynold B. Johnson  Die Méglichkeit, jeden Geschéftsvorfall dann zu
bearbeiten, wenn er anfallt mit einer Leistung
vonetwa 10.000 Féllen pro Tag!
(Rechenanlage ohne Stapelverarbeitung)
s " S— -

Bild von 1971

> take the best people
» go to San Jose

» make something cool =
» find a new way to store data
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1952 - 1961 die Anfangsepoche der elektromagnetischen Speicherung

1961

IBM 1301
28 und 56 MB per
Plattenmodul

Air Bearing Sliders
mit Landebahnen

Zugriftskamm mit
Koépfen fir jede
Plattenoberflache

Einflhrung der
Zylinderarchitektur

1979 IBM 3370/75 (3 GB) -
1981-87 IBM 3380
(60 GB)

1975 IBM 3350 (2.5 GB)

1989-94 IBM 3390
(90 GB)
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2004 - 2012 Epoche der Serverbasierenden Speichersysteme
und der Speichervirtualisierung

2004 2008

IBM DS8000 Series DS8800 IBM XIV Storage System 240TB
1,38 PB SAS Disk

His{gg)or) of HDD Areal Density Growth "5t Techolgy
b Perpendicular Recording
100 ~ .
10 (75
1 2 :  head —
60% CAGR
MR head
g 25% CAGR
0.01 y Thin film head
&
0.001 L
0.0001 ¥
; °
0.00001
0.000001 9IBM RAMAC (1% Hard Drive) o

1950 1960 1970 1880 1880 2010

Storage Technology Outlook 82010

Rishard Freitas. JEM Research....




Explosion in Data Growth

= Lower storage costs allows.. = Results
— Storing more types of data — Storage growing 20-40% per year
—Keeping data longer — Storage budgets growing 1- 5%
—Using disk in new ways per year

= Smarter planet
—Instrumented and intelligent Jettabtas i
|
I
|
= Business intelligence growth N
—From “C” level to end-users i
I
|
I
|
|
|
|
|

Datahutac

Year Tier 1 Disk Cost/ TB
1980* $32,914,000 Tarabutes |
2011 $7,000 |

| |
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Management

Technologie-Ansétze helfen die Ideal-Linie zu finden

Move data to right
place

Stop storing so
much

Store more with
whats on the floor

Protect your data

Improve people
productivity

Technologien fiir Storage-Effizienz

emmmaaRRRR R

= Store more with what'’s on the floor

— Storage Virtualization
— Thin Provisioning

= Move data to the right place
— Easy Tiering
— Automated Data Migration
— ILM/HSM

= Store less data

— Data Compression
— Data Deduplication

= Improve people productivity
— More intuitive user experience (GUI)
— Integration, Automation, System Director,

= Data protection
— Snapshot, Mirroring, HA, FCM
— Archive, Tape, VTL




cawalker@us.ibm.com

IBM System Storage Portfolio win hyperlinks to IBM.COM

Entry->Enterprise ==Ne apaae Technology|

Ei Mid

IBM Storage Solutions Redbook

H V6.3
SVC 6.3 Supported Environments
Linux Citrix Xen
IBM ) IBM Power? HP-UX 11i (intel/Power/z) Server
ZVSE  noven VMware \eoool IBMAX soino Tues RHEL 4/5/6 IBMTS7650G o 1024

ZVM  Netware ESX35, pyoary  BMIG1 “goig  openvms saiIRix SUSESMOM Abple protectiER
Zllinux  OES2 vSphered,s Po" (vios) P MacOS ' Gatoway BladeCenter
7] ) y s 4

Hosts

_u

=l | = |

— —u | —=

= | = | =

=45 4 -

Point-in-time Copy SAN fabric
Full volume, Copy on write SO Se S Se S
256 targets,

Incremental, Cascaded, Reverse,
Space-Efficient, FlashCopy Mgr

1 Thin Provisioned Volumes

[ —

Virtual Disk Mi

I i1
I |1 1T \ !
1 1 I 11 1 1 Vo
(& B e g

= e
Compellent IBM BM IBM Hitachi EMC Sun  NetApp NEC Fujitsu TMS
523 DS XIV N series Lightning CLARION ~ StorageTek  FAS iStorage Eternus RamSAN
DSI00.DSA000 G 3 Slorwize V7000 T X4, StorEdge DX80S2,DX9082, 440
DS5000, DS6000 AVS WS, Symmetix, XioTech py|| DX4f0s2Dxe0s2
DSB000  DCSIXXX USP, USPV DMX, VMAX, Emprise  Storeway Violin

y
. 1500, 2000, 3000 NEXSAN  3140,3200

Sp VNX, VNXe
* Confirm all supported configurations at ibm.com/s¥orage/support/2145 and click on “Support SATABeast




SVC release history is a continuous evolution

2011
Storwize V7000 Unified
Mixed Replication

Longer di: split
2004 2006 2008 2010 cluster
2003 2145-8F2 Global Mirror Thin provisioning Storwize V7000 Native LDAP
2145-4F2 VSS Multi-target vDisk Mirroring New GUI New Global Mirror

4 node GDS FlashCopy SVC Entry Edition Easy Tier option

L d Ll - - L

h o - g ERAn

1.1 1.2 241 3.1 62 Xy

2004 2005 2007 2009 2011
8 nodes 2145-8F4 2145-8G4 2145-CF8 2145-CG8

FlashCopy
enhancements

SSD support VAAI

3 site Mirror >2 TB MDisk

> 2TB VDisk Performance

Split cluster monitor
iscsl Flash Copy

Zero detect enhancements

Storwize V7000 — Modularity and Advanced Software Functions

= Enclosures contain up to twelve 3.5” or twenty-
four 2.5” drives in just 2U

= Control enclosure: dual active-active controllers
and drives; Expansion
enclosure: drives only

= Up to nine expansion enclosures attach to one
control enclosure

= Mix drive sizes and HDD/SSD in enclosure

= Eight 8Gbps FC ports plus four 1Gbps iSCSI
ports per controller pair; 16GB cache per
controller pair

e ———__________

2U

Software inherited from prior offerings plus enhancements

New advanced software functions Proven IBM software functionalities
=New GUI (easy-to-use, web based) = Easy Tier (dynamic HDD/SSD management)
= RAS services and diagnostics *RAIDO,1,5,6,10

= Storage virtualization (internal and external disks)
= Non-disruptive data migration

= Global & Metro Mirror

= FlashCopy up to 256 copies of each volume

= Thin provisioning

= Additional host, controller and ISV interoperability
= Integration with IBM Systems Director
= Enhancements to TPC, FCM and TSM support

smmmes s s s s s s
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Clustered system up to two Storwize V7000 control enclosures

Base Storwize V7000 -
Maximums

Hosts(FC): 256 FCports:  8x8Gb  Hosts(FC): 512 FCports: 16x8GD

Hosts (iSCSI) 64  Ethemetports: 4x1Gb Hosts (iSCSI) 128 Ethemetports: 8x1Gb

Capacity: 247 (optional)  4x10Gb  Capacity: 48TB (optional)  8x10Gb n
Cache: 16GB  Volumes: 2048 Cache: 32GB  Volumes: 4096

Drives: 12 LFF or 24 SFF Drives: 24LFF or 48 SFF or mix

Disk types: SAS,NL-SAS, SSD Disk types: SAS, NL-SAS, SSD

Expand
Expand

e e |

l Cluster
Maximums u
Hosts (FC): 512 FCports: 16x8Gb
Hosts (iSCSI) 128  Ethemetports: 8x1Gb
Capacity: 480TB (optional)  8x10Gb

3 3 Cache: 32GB  Volumes: 409
Drives: 120 LFF or 240 SFF or mix Drives: 240 LFF or 480 SFF or mix
Disk types: SAS,NL-SAS, SSD Disktypes: ~ SAS,NL-SAS, SSD "

—_—
Cluster
- |

l + External Virtualization for more capacity

Delivers ability to expand Storwize
V7000 system capacity two-fold

Enables distributing workloads and
processing to another control
enclosure with a new 1/0O group

Provides up to 2X capacity and up
to 2X throughput for business
growth

Fully upgradable without
disruption from smallest to largest
configurations: minimizes need to
purchase hardware in advance of
need

Enables more consolidation,
including external virtualized
storage, for greater efficiency

L

XIV Generation Comparison

Xiv XIV Gen3

2810/2812-A14 2810/2812-114
Drives 72-180 72-180
Interconnect Ethernet InfiniBand
Disk Drives (7200 RPM) SATA (1 TBor 2 TB) SAS (2 TB or 3 TB)
(";I'I'_"/l";;:)' disk drives 72/180 72/180
SSD capacity per module N/A 400 GB
Max Capacity w/1 TB drives 79TB N/A
Max Capacity w/2 TB drives 1617TB 161TB
Max Capacity w/3 TB drives N/A 243TB
Max FC ports 24 24
Max iSCSI ports 6 22
MaxiSCSI ports in 6-module N/A 6
Max number of CPU cores 84 60

120 GB (8 GB per module)

Max Memory 240 (16 GBper module) 00 OB (24 38 per modul)
DDR2

Max cache-to-disk bandwidth 240 Gb/sec 480 Gb/sec

Host FC Adapters 4 Gb/sec 8 Gb/sec

Host iSCSI Adapters 1 Gb/sec 1 Gb/sec

11



XIV Gen3 Technology Highlights

= 20X more internal bandwidth
—  Using InfiniBand
= QOver 2X more external bandwidth
—  With 8 Gb/sec FC ports and over 3x more iSCSI ports (6-22)
= New motherboards and processors
—  2x disk bandwidth, 60 cores, 120 hyper-threads per rack
* 50% more cache capacity
—  Up to 360GB/system, (24GB per module)
= SSDready
—  Optional cache upgrade of up to 6.0TB

= Announced July 12, 2011

= Generally available September 8, 2011

DS8000 — IBM’s Premier Storage Array

= DS8800
—POWERG6+ based controllers
—Up to 1,536 drives
—Solid state disk, SAS, and NL-SAS drives
—Up to 1,38 TB capacity
—24x7 warranty

= Advanced functions including
—3-level easy-tier and automatic rank balancing
— Three-site replication
—Hyperswap
—Native System z and IBM | attachment
— Capacity on demand

12



DS8000 Functional Summary by Release

DS8700 / DS8800 include all functional enhancements up to R6.3

10-2006 10-2008 4-2010
HyperPAV «zHPF -Ea;y Tier 1 ) 4-2012.
*HMC CIM Agent *2GM Incremental *Thin Provisioning *Easy Tierd
+319 & 4" expansion Resync «Quick Init «Thin Provisioning
2004 frame *600GB 15K 5-2011 for MM/GM/MGM
#255 LCUs Supported 22008 7-2009 2TB SATA .:E;SI! Tier2 +55D FDE
*RAIDS/RAID10 ; - «Multi- *10 Priority «Nearli
ORMC/I/GM/PTC/PAV +SSPC Support (upgr) *Thin Provisioning .'\C:::I? G“lnt’—t k  Manager Open earineret
*64K Logical Volumes = +DS8000 M/T intermix [F ] *Quickinit ‘ ‘_m‘u o *Resource i
= . i = *zHPF Multi-track = =
+2GB FCP/FICON i FICON Ext Distance i support i Groups i
73/146/300GB DDs I 1‘ } 1‘ } 1‘ *Ease of Mgmt } 1‘
— |~ — | — | *1678 LUN. |
il iy v J o J
Ld d \ d kv 4 Ld \F
v v v v v v v
I
1.0 2.0 24 3.0 3.1 4.0 41 42 43 5.0 5.1 6.0 6.1 62
. 3 A 8 2 A = = =
- ] = ] E E 0
fgoeb Model o 52008 o 10-2009 10-2010 fé’:;;olo i
urbo Models 2007 «Extended Address 22009 +DS8700 +DS8800 new drives
*500GB FATA oSpe Support (new)  Volumes +solid State Drives +D58800 4" frame
:‘Z’EIEZB FVSIP/':'CO'i Storage Pool Striping +Variable LPAR <18 SATA hin Provisioning for
x Machine Types <FCSpace Efficent  *IPV6 sIntelligent Write FlashCopy
*Synergy Items o Vol Cache *Easy Tier 3
Ex ya":s'i“clri olume *Full Disk Encrypt 1/0 Priority Manager
P +Remote pair FC kD
«zHPF QSAM BSAM
BPAM
DS8100 / DS8300 includes all functional enhancements up to R4.3 *1TB EAV

*DB2 list pre-fetch

Release 6.3 content

= New 400GB SSDs
Increases SSD capacity by 33% and improves performance

= Enhanced Thin Provisioning

Advanced Metro Mirror and Global Mirror support for open
systems

= New self-encrypting drive options
FDE now available for all drive tiers at virtually the same price
as standard drives

» Updated Easy Tier (41" generation) support for encryption
The best automated tiering and the best security

13



R6.3 Support Matrix — DS8800 Only drive wiout FDE option |__|

No changes to DS8700 drive support

Solid State Disk Enterprise Disk Nearline Disk

- : a
Disk Type 2.5” SAS 2.5” SAS 3.5” SAS = ‘;"7 —
e 32
R——
DDMs per 48 48 24 e

Enclosure Pair *

Disk Installation 8or16 16 8or16
Group

RAID Types 5,10 ** 5,6,10 6

Size/RPM 300 146/15K 3TB/7.2K

300/15K
400 450/10K
600/10K
900/10K

Encryption- 400 146/15K 3000/7.2K
Capable Size/RPM 300/15K
450/10K
600/10K
900/10K

Open —2.5” 400GB SSD Drive Performance

The new 2.5” 400GB SSDs on the DS8800 has equal or slightly better performance
for 4KB random read/write and sequential read comparing with 2.5” 300GB SSDs,
however, for sequential write 400GB SSDs perform more than 2X better.

Single Rank — RAID5

Random Sequential

KIO/s
MB/s

0
4KB Random Read 4KB Random Write Read Bandwidth Write Bandwidth

14



SPC-2 Benchmark

Published SPC-2 Comparison

12,000+

10,000+

8,000

6,000

MBPS

4,000
2,000+

DS8300 (non-
Turbo)

O Large File Processing
M Large Database Query
EVideo on Demand
OSPC-2 Aggregate

DS8700 DS8800

DS8800 host adapter performance measured using 8 Gb/second host adapter
DS8300 and DS8700 host adapter performance measured using 4 Gb/second host adapter

Technologien fiir Storage-Effizienz

= Store more with what'’s on the floor

— Storage Virtualization
— Thin Provisioning

= Move data to the right place
Easy Tiering
Automated Data Migration
ILM/HSM

= Store less data

— Data Compression
— Data Deduplication

= Improve people productivity
— More intuitive user experience (GUI)
— Integration, Automation, System Director,

= Data protection

— Snapshot, Mirroring, HA, FCM
— Archive, Tape, VTL

15



Store More with What’s on the Floor

= Virtualized storage pools
— Stripe data over multiple RAID arrays
—Increases available disk IOPs

= Benefits

Virtualization Improves Utilization and Performance

— Automatic configuration or administrator controlled

— Allows increased drive utilization
—Reduces hot spots
—Reduces tuning effort

Virtualized Storage Pools

16



XIV - Extreme Virtualization

= Every volume uses every drive

= Virtually eliminate hot spots and
orphaned capacity

= Reduces management effort
—No data placement
—No snapshot layout
—No spare drive management
—No hot spot management
—No RAID configuration tasks
—No drive rebalancing

= Short rebuild time

6808080060080
60800000080
£60808068080
0] o o o o o
0 o o o o o
0] o o o o o o
£800800800808
6080080080808
£880800800806
608008068080
000808800800
S000808800800
6080800808080
£S000608000880
00000000000

Multi-Array Storage Virtualization

= Storage array virtualization
— Scalable highly-available cluster design
— Supports wide range of storage arrays

= Provides
—Common LUN management
— Common multi-path drivers
—Common local and remote copy services
—Transparent data migration between arrays
—Easy Tier

= Benefits
—IBM cut internal block storage costs by 50%

ﬂ

Ity

SAN Volume Controller
or Storwize V7000

17



Move Data to the Right Place

Storage Tiering

No Tiering Transparent Policy Driven

» Small or very simple « Tiering is desirable + Data can be

storage footprints managed with rules

« Data may be difficult
« Desire for uniformity to manage with rules * Applications with
special needs

« Tier-less architecture + Desire minimal

such as XIV administrator effort + Desire greater control

SSD

18



Evolution: storage media have gained capacity...

B 3TB
5MB 64 MB 300G
=T o~
= = o=
= el Lo W
= - re i

— = e

~

only 1 RW head

Performance x 50

Capacity x 50.000

Hard Disk - ATA, SATA, FATA, SAS (2.0), FC-Platten
- 2% 2o0ll vs. 3 Y2 Zoll Formfaktor
- GMR (Giant Magneto-Resistance)

- Performance Entwicklung

1000

oA

.

=[7200 RPM

IOPS

>

Desktop

10 Rate per GB und
Hard Disk Drive Generation

Seit 1990 um Faktor 100

1 5400 & 7200 e schlechter
RN
0’11985 1990 _ 1995 - 2000 £ 2010
p=l —a o 3 o
- el AT A
= S L
=
- Performance heute
RPM Latency (ms) Seek (ms) I0/s *
FC/SAS 15000 2 4 167
FC/SAS 10000 3 5 125
SATA/SAS 7200 4.2 9 76
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Solid State Disk (SSD)

=SSDs mit DRAM
= seit 1976 fur Hochleistung
= 100x héhere Kosten als Disk

=SSDs mit Flash

= SLC = Single Level Cell
> 1 Bit (0/1) per Zelle

= MLC = Multi Level Cell

= eMLC (Enterprise MLC)
» Zellenabsicherung durch

» hohere Lebensdauer, schneller, teurer

Ccu

» Lebensdauer SLC vergleichbar

= Preisentwicklung

Zeit SSD Preis ($)
2003 21 GB 2.5 SLC | 11000.-
2006 32 GB 2.5* MLC | 1000.-
2010 32 GB 2.5 MLC 100.-
2012 160 GB 2.5 MLC 80.-

> Multiple States per Zelle (00/01/10/11)
» geringere Lebensdauer, gunstiger

Tiering oder Cache:

= Database DS8000:
20ms to 2ms responding

http://www.youtube. 12v=2jg99L
next=1&list=PL687BDOECB092D739

XIV Gen3

Infiniband Interconnect

<=
j <<=
1 <=
] <=
i I =
Maxiscstports: 22 x 166/s] | <o —

<=
<--=
Disk Type: SAS, SSD <=

15CSE ports with 6 rhodues:
g

<=
<=
<=
<=
<=
<=

improvement (Oracle/ IHK-Gfk)

llts_main&play

Cache SSD in XIV

ERP/CRM 70/30/50/8k N EE

oRP/ CRM70/30/50/ '
O

von 60.000 auf 123.000 05~ m— -
TEEIE L veens

220% from

Drokerage
trangactian

Transaktionsprofil
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SSDs Help to Improve XIV Performance
= SSDs is a secondary cache between the disks and the DRAM cache
= Used to improve random read hits
= Each module has SSD drive sized for optimum performance
= No administrative effort required

= Entire SSD is used as data is already on disk

Easy Tier for optimized tiering

DS8000 with

Easy Tier
— Monitors performance of each extent to determine the
data ‘temperature’ . . . . .
Solid-State

— Creates extent migration plan for optimal data
placement every 24 hrs based on performance
statistics

Laue
MM

Fibre Channel

High Capacity SATA

— Migrates extents across heterogeneous tiers and
within a homogeneous tier according to migration
plan(s) over 24 hour period

— Alimited number of extents are chosen
for migration every 5 minutes to avoid performance
impact

prssassass s R e e
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Easy Tier generational enhancements (to date)

Self-tuning storage manages growth and complexity while lowering costs

= 1st Generation

— Objective: Optimizing use of expensive SSDs
— Benefit: Relocating just 5% of the data from HDDs to SSDs, reduced
average /O response time from 9ms to 2ms

= 2nd Generation
— Objective: Intra-tier rebalancing and support for any 2 tiers (no SSDs)
— Benefit: Automates performance optimization within a tier; Relocating less active data
to slower nearline drives maintains performance with lower $/GB as data grows

= 34 Generation
— Objective: Full support across all 3 tiers and support for Thin Provisioned volumes
— Benefit: Faster performance when and where it's needed with SSDs; Cost savings (reduced
footprint and $/GB) for cold data; flexibility to support standard and Thin Provisioned volumes

= 4t Generation
— Objective: Support for Full Encryption
— Benefit: Combines advanced tiering with superior security for the ultimate in

efficiency and data protection

-

Easy Tier V1 Benefits

Logical Volume Easy Tier Managed Extent Pool

SSD Arrays

= Relocating just 5% of the data from
HDDs to SSDs, reduced average
I/O response time from 9ms to
2mSI Cold Extents'l‘ Hot Extents
Migrate Dowr Migrate Up

= Optimizing use of expensive SSDs E ;E ; E ;

Enterprise or Nearline Arrays

SPC-1 Response Time - Full Run
(milliseconds)
A health
checks

=3

Response time
reduced from
9ms to 2ms

SPC-1Response Time ,
°

22



Easy Tier V2 Benefits

Logical Volume Easy Tier Managed Extent Pool

= “Any two tier” offered support
for combining Enterprise Class
and Nearline Class to maintain
performance with lower $/GB
as data grows

Rank IOPs
9000 ‘
8000
7000 -
6000
& 5000
9 4000

3000
2000
1000
0 T T T T T T T T T T T
1139 1339 1539 1739 1938 2139 2339 138 339 539 739 939 1139

Time

[-+-128 15K RPY Diives = €47.2KNL Drves|

Source: Storage Performance Council, April 2010: http://www. (_results_spc1#200092

=

Enterprise Arrays

Cold Extents * Hot Extents
igrate Dow Migrate Up

Nearline Arrays

Easy Tier v3 Benefits
Combining the benefits across tiers and within a tier

= 3-tier support combines the benefits

— Faster performance when and where it's Logical Volume
needed with SSDs

— Cost savings (reduced footprint and
$/GB) for cold data

= Plus, auto rebalancing supports single-
tier (homogenous) as well as mixed tier
pools
— Rebalance after new resources are added
or removed from the storage pool
— Ensures balanced rank utilization to
distribute natural performance skew

= Easy Tier support for thin provisioned
volumes

prasmsss s R B
-

Easy Tier Managed Extent Pool

SSD Arrays

Nearline Arrays

-
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Easy Tier intra-tier rebalancing

+ Continuous rebalancing within each
tier maintains peak performance
across all drives

« Easy Tier complements other
performance optimization features
« Advanced caching algorithms
« Storage Pool Striping (wide striping)
« |/O Priority Manager for QoS

Easy Tier intra-tier Rebalancing — Balanced Utilization

Balanced Rank utilization on single-tier pool

—The re-balanced system shows flattened rank utilization across all the ranks,
all without any operator activity!

Rank utilization

Rank utilization (%)

Time {Hour)

——ri1 =2 3 M4 =l =7 —rl8 —r9 —nrA rB
All performance data contained here were obtained in the specific operating environment and under the conditions and/or configuration described above and is presented as an
ilustration. Details are available in the “IBM System Storage DS8800 and DS8700 Performance with Easy Tier 3rd Generation” whitepaper. Performance obtained in other operating
environments may vary and customers should conduct their own testing

24



Easy Tier intra-tier Rebalancing — Improved Throughput
Supports single-tier and multi-tier systems

Performance gain on single-tier pool

—The re-balanced system showed a 3X throughput improvement and equal or better
response times without any operator activity!

OLTP

35w

o
2

§

Resporise Time (ms)
=)
8
=]

I imgrgreement /

500 ’_.FH_‘__‘_,_f—
-
0.00 4
oo 000 00 10000 .00 15000 00 20000 00 25000 00 3000C 00

Throughput (10Ps)

B0 155 RPM crves (RAID-5), intialy shewed
[ 80 5 RPRA b (RAID-B), iy disko-robiblaenis |

All performance data contained here were obtained in the specific operating environment and under the conditions and/or configuration described above and is presented as an
illustration. Details are available in the “IBM System Storage DS8800 and DS8700 Performance with Easy Tier 3rd Generation® whitepaper. Performance obtained in other operating
environments may vary and customers should conduct their own testing

Easy Tier4 Application Performance

= Equivalent performance with or without encryption drives in the
DS8800

DB2 Brokerage Transactional Workload with Easy Tier
DS8800, 15K RPM/SSD

9000.00
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>3.,5X
Improvement

Overall Transactions/Sec.

Time (hours)

‘—-0— Without Encryption —=— With Encryption |
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Summary of Easy Tier Migration Capabilities

Easy Tier managed pools

v TV v T TV v T TV
r> SSD Pools Enterprise Pools = - Nearline Pools = -
1 1 1
' eee (SN 1 "' :
: M :
©> <- <-

A C A

A ! e N ____ B A

T TTTTTT 1 1

i ! |

1 ¥ 1

1 1

] Merged Pools 1

. (SSD+HDD) .

1 1

Manual volume migration
=Change Disk Class
=Change RAID Type
=Change RPM

=Change striping

Automated intra-tier
rebalance

G00231588

The Coming Revolution for Data Center
Efficiency Will Be Driven by SSD Technology

Published: 22 March 2012

Analyst(s): Gene Ruth, David J. Cappuccio

flooding into data cent
ninking of st natic equipment
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SLC Flasp,
1 —
—Cf
3 — 15k RPw
~ 0.1
or
—1bit NAND &
——2bit NAND
0:01 ——EntHDD
——SATA HDD
0.001 : ‘ : :

2007 2008 2009 2010

Source: IBM Almaden Research, Steven R. Hetzler. Sep 2009

=

20m

2012

2013

2014

2015

Cost Evolution

- Device cost reductions will not keep up with increased use
- Lower cost devices do not improve management costs
- System level efficiency will be a key

Price Trends: Magnetic disks and Solid State Disks

$100.00

$10.00

$1.00

Price: $/GB

$SD Price = multiple of device cost
O 10xSLC @ -40% CAGR (4.5F")
A 3xMLC @ 40% CAGR (23 —> 1.1F])

©  3xPCM @ -40% CAGR (1.0F%)
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Dynamic Random Flash Phase-Change
‘Access Memory (DRAM) Mamory (PCM)

Invented in 1966 | Invented in 1980s

| writecycles

Scaling

CREDIT. [6 RESEARCH

¥ The quatification i
- Best in class El Average [ Inadequate :uulveum:sﬁnds

> K Memory
l:l Good / Adequate - Bad / Worse in class m";.;mmm“

time horizon

2 Mbit

http://www.zurich.ibm.com/news/11/pcm.html

Next Generation SSDs
Storage Class Memory (SCM)

i Memory
SSD Today
NAND IS
Flash DHAM
Cost
PCM
v Cost within 10X of Enterprise Disk..
¥ Performance within 3X of DRAM...
v Endurance superior to NAND Flash
>
Performance
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Logic Memory Active Storage Backup  Archival

e ®
- =

>
CPU DISK
Storage Class Memory

Active Storage Backup  Archival

Solid State Information Systems
= By 2020, Storage Class Memory should revolutionize data centers

Bandwidth Driven 2020 Storage System: 300 TB/s

Floor Space

322 Racks 3,650 Square Feet
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Solid State Information Systems
= By 2020, Storage Class Memory should revolutionize data centers

Bandwidth Driven 2020 Storage System: 300 TB/s

Floor Space

6 Rack 85 Square Feet

Solid State Information Systems
= By 2020, Storage Class Memory should revolutionize data centers

Transaction Driven 2020 Storage System: 500 MOP/s

Floor Space
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Solid State Information Systems
= By 2020, Storage Class Memory should revolutionize data centers

Transaction Driven 2020 Storage System: 500 MOP/s

Floor Space

1 Rack 11 Square Feet

,,,,, Anar citie o . gé hc}st: :pp(:|ca§|o tensuo s
it Journal of Research gg rStocae

= and Development zxﬁn T
Hiores.

mmmmxmmm&mummn

Tl dange diable technolbgy
PleserationDalat “New Slonaoe Pa o1 Precervnlion Envilaninenic
Probe dsed ulra i -

mmwmmmm .muumn

Storage blass e L1 fag@e Systém technolog
dhehl 0ol e » Soge slandad and cune temen aliong
‘l'he E tion of Sthiage Manad ent Tran fo mi ng rd imon fo ma tion

,
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Improve People Productivity

Simplified Storage Management

e et Ll el - O Ty s [ 1o s [l oen e —
cmwrT e —r——
1

Common User Interface
» Based on XIV GUI

New Yolume.

select a Preset

s e — — Generic Thins Provision Mirror

Select a Pool

Erimary Fool; mdiskgrp0 LEdit |
Simplified Administration Felect Names and sizes .
* Reduces number of tasks saL_Database [1ao @z  +

+ Allows for advanced options

Summary: 1 volume, 100.0 GB, 4.8 TB free in pool

|_Advanced, %3 Create | |HE Greate and Map to Host | | Cancel |

s
65

.

B s E
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Storwize V7000 Unified - Integrates Block and File Storage

= Integrates file and block applications [PRTR———
in a single storage system

= Adds supports for file protocols -
NFS, CIFS, FTP, HTTPS, SCP

= Active Cloud Engine

—Policy based file management

—File replication and snapshots for I
business continuity ¥ |

hgasTvhim > Monlinring > System =

__

CoemRsbead

EpaSBuh b

XIV Mobile Dashboard — iPhone app

Login

System view

For Demo Mode
» IP addr: demo
» user: demo

» password: demo

Download

» http://itunes.apple.co
m/us/app/ibm-xiv-

mobile-dashboard-
for/id503500546?mt

. ORANGE = 18:38 » 'us.z.

tem F daney

BANDWIDTH
761.9u
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XIV Mobile Dashboard

XIV-02-1310114

Volume: ITSO_Bladel_IOmeter

BW: 492

XIV Mobile Dashboard — iPad app

= Download

— http://itunes.apple.com/us/app/ibm-xiv-mobile-
dashboard/id465595012?mt=8

= Info

— http://aussiestorageblog.wordpress.com/2011/10/06/ibm-xiv-mobile-
dashboard-is-in-the-apple-store/

XIV MNDO3

= Available now

~10PS BWis, Latency

— Real-time performance statisf]
— Similar to XIVTOP

8™ X1V
= Coming Ne
— Alerting &
— Provisioning
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Store Less Data

IBM Real-time Compression Appliances Shrink Active Data

= Shrinks active data up to 80% without

degrading performance

= The only compression solution on the
market that supports active data

=Improve performance of I/O-bound

applications
= Helps keep more data online for improved

analytics and decision making
IBM Real-time Compression Appliances

- 35 Patents granted or pending
- Heterogeneous NAS target support
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ProtecTIER Deduplication Optimizes Backups and Restores

Unmatched Efficiency: SO0
Shrink backup data on disk up to 25 t0 1 oLl e
) QU 1
Unmatched Performance: b
2000MB/sec Nl
" -
2800MB/sec =
“oin
IBM ProtecTIER™ TS7610 Appliance e
priced and packaged for mid-sized
environments . ) _ )
Our backup window shrank immediately. Now,
the typical restore request takes five minutes. ”
Karl Barth,

Director of Systems

m and Operations

IBM Is Setting The Pace In Storage Efficiency
XIV Gen3

Linear Tape
File System _
) __Up to 4 times faster |
TS3500 Tape Library e —

Connector -
™~ Find tape data easier /I
Storwize V7000 )
L Up to 2.7 Exabyte capacity /_I
DS8800 U T— ol \I
. . T Unmatched mid-range storage efficienc
Real-time Compression N - E g
Appliance .
40% better performance / 40% less floor space |
-
Easy Tier \ Up to 80% space reduction without degrading performance /‘
d\} The most powerful and easiest auto tiering technology in the industry ;I
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