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Will Storage continually get cheaper?

______________ 

Will Flash Memory replace Disks?

______________

Innovations for DS8000 R5

______________

Storage in 2015
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Decreasing Storage Technology Costs 
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Modern Disk Head for perpendicular Bits

(!) Rotation
(!) Thermal bit stability

Perpendicular bit structure =
Higher density, lower price, 
but longer magnetization 
delay (≤7200RPM)
� Large, slow disks
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Modern Chip Wafer  (30cm Ø, 45 nm Structure)

Image: Intel

(!) Diameter handling
(!) Lithography < 40nm
(!) Lower yield < 40nm

Cheaper chip memory involves:
1. Larger wafer diameter
2. Thinner lithography
3. More bits/transistor
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Disk Storage vs. Chip Memory
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Flash Memory prevails in mobile Systems

Disk

Flash

Image: Apple
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Online Bandwidth will enable Flash PCs

with Disk:

Capacity
with Flash:

Low Power

Go with less capacity ����

Move surplus to network

Photos, Video,
Audio

DSL

Photos, Video,
Audio, Presentations,
Documents, Software
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"Flash" Storage Tier in the Data Center

Tape

SATA

FC 15K

Flash

SANSAN

Server attach

Highly dynamic databases

Island solutions,
temporary data, 

Infocubes etc.
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Chip Memory Technology Limits
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Flash-Memory is built from EEPROM Blocks

EPROM
(1970)

EEPROM Flash Memory

Delete with UV,
rewrite with 12 V

Delete with 12V,
rewrite with 5 V

Block-wise 
deletion
with 10V

:

UV

:

.. ..
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Flash Memory writes to empty Pages only 
1 Deletion Pulse per Rewrite = Wear Stress

�×
00000001
00000000
00000100
00000000
00010000

00000001
00  00000
00000100
00000000
00010000

0

� Old used pages remain locked , awaiting deletion

� Max. 100.000 deletion pulses per page � distribute to minimize wear

� Optimal cache algorithms must target wear minimization

00000000
00000000
00000000
00000000
00000000

�

00000001
00100000
00000100
00000000
00010000

00000000
00000000
00000000
00000000
00000000

Rewrite operations
only into empty pages

Flash data page
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00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000

: :

00000001
00000000
00000100
00000000
00010000

00000001
00000000
00000100
00000000
00010000

00000001
00000000
00000100
00000000
00010000

"Garbage Collection" � Fair Wear Levelling

� Fewer erasure cycles � longer life & better performance

� Wear levelling for over-utilized and under-utilized cells

� Significant over-provisioning ���� higher price

Block 1 (EEPROM, 4096 Pages)

00000111
00000000
00000000
00000000
00111000

00010000
00000000
00000000
00000000
00011000

00000100
00000000
01100000
00000000
00000000

00000000
00000000
00000000
00000000
00000000

01110000
00000000
00000000
00000000
00011110

00000000
00111000
01111110
00000000
00000000

00100000
00000000
00000001
00000000
00010000

00000000
00000000
01000000
00000000
00001000

00000000
00000000
00000000
00000000
00000000

00111000
00000000
00000000
00000000
00001000

00000100
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000

00000000
00000000
00010000
00000100
00010000

00010000
00011100
00000000
00110000
00000000

00011000
00000000
11000000
00000001
00000000

00000001
00000000
00000100
00000000
00010000

00000001
00000000
00000100
00000000
00010000

00000001
00000000
00000100
00000000
00010000

: : : : : :

Block 2 (3,4,…)
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00000000
00000000
00000000
00000000
00000000
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00000000
00000000
00000000
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00000000
00000000
00000000
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00000000
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00000000
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00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
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Virtual
Disk

Use Flash Memory wisely !

� Lowest Watt / IOPS
& footprint / IOPS

� Lowest € / IOPS

� Lowest € / GB

SSD RAID Array(s)

FC/SAS RAID Arrays

SATA RAID Arrays

Applications

Virtual
Disk

DS8000
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Optimal Efficiency, less administrative Effort
Traditional disk mapping Dynamic Virtual Storage mapping

All volumes appear to be “logically”
homogenous to apps. But data is placed at 
the right tier of storage based on its usage 
through smart data placement and migration. 

Volumes have different characteristics. 
Applications need to place them on 
correct tiers of storage based on usage.

Dynamic
Virtual volumes

A
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Preview

Manual mapping Auto HDD/SDD mapping
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HDD Rank Pool

Volume- and Extent-based Relocation

SSD Rank Pool

Merged Pool
(SSD+HDD)

Automated Data Relocation
within merged pools only

Volume Based 
Data Relocation

Preview

=
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Optimize for highest IOPS or lowest Latency?

� Fine grained average 
performance monitoring

� Workload learning

� Hotspot auto-elimination

Preview

Inactive Disk RegionInactive Disk Region

Hot Data RegionHot Data Region

Cool Data RegionCool Data Region

Time (Minutes)
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A
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Concurrent IOs (queue)
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Access Density
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Disk Technology Limits
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0,1

1

10

100

1000

1985 1990 1995 2000 2005 2010

Harddisk Data Rate *per Gigabyte* drops alarmingly

Sustained IO Rate per GB and drive generation

IOPS
sustained

<= 7200 RPM

10k RPM

15k RPMDesktop
5400 & 7200
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New: Intelligent Write Caching (since DS8000 R4.2)

� Optimized for minimal head movement

� Delay writes in cache until head is in proximity

� Ideal for random databases

Write cache

P
H
Y
S
IC
A
L
 D
IS
K

Destage Data Stream

�

Wise Order Sorted

�

Read �
data,
write  �
here

Read �
data,
write  �
here

�

sort according to  head position

�
Write
I/O

"Wise Order Writes"
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Wise Order Writes – for Databases

RAID 10,  15K RPM,  mix of 146, 300 and 450 GB
(64) (16)        (16)
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70/30/50 test 4K Write Miss

no IWC
IWC

×2

15%

Benchmark DS8000, 96 Drives
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Wise Order Writes – new RAID 5 at RAID10 Speed

DB Open Performance
70/30/50 Load

(single 8 disk 15kRPM array)
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RAID 6 – IWC 

RAID 6 – no IWC 

RAID 5 – IWC

RAID 5 – no IWC

RAID 10 – IWC

RAID 10 – no IWC

RAID 5 for DB workload is now almost as fast as "ol d" RAID 10.

RAID6

RAID5

RAID10
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Thin Provisioning =

counter-productive ?

More virtual GB / drive
= worse IOPS / GB
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DS8000 Thin Provisioning : Extent or Track Level ?

Extent Space Efficiency uses existing extent pool virtualization.
Extents are allocated on first write only, without host wait impact.

Track Space Efficient is optimized for FlashCopy SE & Global Mirror.
Use TSE for volumes not expected to fill up to 100%, e.g. Flashcopy NOCOPY target volumes.

Extent Pool Disk Drives

Extent Pool Disk Drives

Classic Volume

ESE Volume

TSE Repository

TSE Volumes

W
rite IO

Write goes here

Allocates 1 Extent 
(1GB; max. 8PB)

Allocates 1 Track
(64kB / 57kB CKD)

+1% Meta data
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Original data is saved to a
repository prior to overwriting

Newly created FlashCopy SE 
volume consumes no space

FlashCopy SE = "Flashcopy onto a TSE Volume"

FlashCopy SE uses a common repository (e.g. per extent pool) to 
save original data when resolving references. Grain = 64kB; 57kB CKD; 

+1% Metadata

Instant Space-
Efficient FlashCopy

Tzero
Read

Write

Read
AvoidWrite

Internal view

One repository for 
many SE copies

TSE
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Better System Availability

despite larger Disks

Availability = ƒƒƒƒ(drive speed) 
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The solution: Declustered RAID – parallel recovery of redundancy

The Challenge: Terabyte Hot Spare Drive Rebuild

Classic RAID Rebuild

Each disk handles 1/10th of the rebuild load = 1/10 th of the time 
Even less with more disks involved

�

�
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The XIV Redundancy Principle

The redundancy 
data of any disk is 
distributed across 
all other disks not
in the same node

�

1 node

Rebuilding lost 
redundancy is a 
non-impacting 

activity of all disks 

Rebuilding redundancy works many times in-a-row.
Disk redundancy and node redundancy use the same 
mechanism. Worst case rebuild time for 1TB ≤≤≤≤ 30min.
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Storage in 2015:

Non-volatile RAM

Image © DOCB
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The Suburb Commuter Problem

Expensive real estate, but short paths Cheap real estate, but traffic delays

€ CPU cycles

L1 cache: 1 DRAM: 100 Disk: 107-108Flash: 105-106

GAP

L2/L3 cache: 10-50

Non-volatile storage
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Non-volatile RAM Candidate:
Phase-change RAM

Access device
(Transistor)

PCRAM
“programmable

resistor”

(heat)

time

Tmelt

Tcryst

“RESET” pulse

“SET”
pulse

Voltage

Currently sets the
scaling limit (4F²)
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Phase-change "Nano Mushroom"

Phase-Change 
material

(Ge2Sb2Te5)

TiN Heater
Bit Line

Amorphous

Amorphous Phase Polycrystalline Phase

40 nm, with 
demos at 7nm

~10-year drift

~10-hour drift
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Spintronics : "RaceTrack" Memory

IBM Fellow Stuart Parkin, 
Inventor of GMR read heads, 

investigates "Racetrack Memory"

RaceTrack Storage Array

Spintronics

Storage in 3rd Dimension

"Large" read/write head, "small" 
bits on ferroelectric nano wire
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Non-volatile RAM :  Many Players, many Options

No wear, high reliability, high speed

� Phase-Change RAM

� Magnetic RAM

� Ferroelectric RAM

� Nano-mechanical RAM

� …

180nm MRAM
250nm PCRAM

Demo '90Demo '90
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Storage will become an integral Part of the Server

CPU DRAM

CPU NV-RAMDRAM

CPU DISK2009

1980 

2015+ DISK

Memory like � storage like

DRAM

TAPE

TAPE

"TAPE"

FLASH

DISK

Networked Offline Volatile 
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Networked Non-Volatile RAM in Serve/Store Combo

� The SAN of the future needs to provide connectivity to peer 
system's Non-Volatile RAM

� Experience and technology do exit today in high-performance 
computing (RDMA = Remote Direct Memory Access)

Mirror: RDMA

SAN: FCoE
|

Ethernet?
Infiniband?

RAM

NV RAM

RAM

NV RAM

ServerServer

Policy-managed
duplicates
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