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Meet Tom

-

38 YEARS OLD, MARRIED, 2 KIDS
b e me W
l DEGREE IN COMPUTER SCIENCE

[ Lo s (BN WES BB |

| IT MANAGER AT LARGE DATA

| CENTER THAT PROVIDES

| CLOUD HOSTING SERVICES i
& o Y

|y ([ D= 'y v

| HAS WORKED HERE FOR 5 YEARS,
SLATED FOR PROMOTION TO
' DIRECTOR OF IT
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Tom’s New Assignment
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The demands on the datacenter

B Cloud Data Center
[l Traditional Data Center

Installed Workloads in Millions

— 2010 2011 2012 2013 2014 2015
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The demands on the datacenter

BY 2014, >50% OF ALL WORKLOADS WILL BE
PROCESSED IN THE CLOUD

B Cloud Data Center
[l Traditional Data Center
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Tom runs some experiments
JetStress 2010 Benchmark

4x 15K SAS HD

VS.

Drives for OS and logging:
C: 1x drive RAID-0 for OS
D: 3x drives RAID-5 for log files

P

-

SMART S STORAGE

4x Client MLC SSD

_

1

————

« Hardware Configuration: IBM System x 3850 x5, 4 x 2.27GHz

CPU, and 64GB RAM

« OS: Windows Server 2008 R2 Enterprise x64

« Application: Windows Server 2008 R2 Enterprise x64, Jetstress
2010 Database Benchmark
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JetStress 2010 Benchmark
Results

/O Database Reads
Average Latency (ms)
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I/O per Second
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JetStress 2010 Benchmark
Results

# of drives

HDD (estimated)

*HDD (estimated) ®4x SSD
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Client MLC SSDs are the solution!
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Client MLC SSDs are the solution!
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One year later...
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Wide Range of Applications

Boundaries of
application and
resiliency

100’s

K (000)
IOPS - "
applications
today

Boot/
Web

Analytics

100’s 10000’s

Terabytes
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Wide Range of Applications

100’s

K (000)
IOPS - "
applications
today

Client MLC

SSD 100’s

Terabytes
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Wide Range of Applications

Boundaries of
application and
resiliency

K (000)
IOPS

Most
applications
today

Boot/
Web

Client MLC
SSD
Tom needs to cover a
range of applications
requirements!

y_
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Lets do the Math
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Lets do the Math

Drive Life
1.6 Years
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Lets do the Math

WEB SERVER
95/5% Read/Write

4, 8, 64KB transfer size

EXCHANGE SERVER
67/33% Read/Write

4KB transfer size
100% random
240GB MLC SATA

75% seq/25% random
240GB MLC SATA

Drive Life
0.3 Years

Drive Life
1.6 Years
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EXCHANGE SERVER
67/33% Read/Write

4KB transfer size

100% random

240GB MLC SATA

Drive Life
0.3 Years

SQL LOGGING
100% Write

8KB transfer size
100% sequential
240GB MLC SATA

Drive Life
0.08 years
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Lets do the Math

WEB SERVER
95/5% Read/Write

4. 8, 64KB transfer size

75% seq/25% random
240GB MLC SATA

Drive Life
1.6 Years

VIDEO ON DEMAND
100% Read

512KB transfer size

100% random
240GB SATA

Drive Life
0 years
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EXCHANGE SERVER
67/33% Read/Write

4KB transfer size
100% random
240GB MLC SATA

Drive Life
0.3 Years

SQL LOGGING
100% Write

8KB transfer size
100% sequential
240GB MLC SATA

Drive Life
0.08 years
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Tom Starts To Learn About Endurance
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Write Amplification vs. OP
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Write Amplification vs. OP
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Write Amplification vs. OP

OP=28%
WA=2.73

\ 4
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Write Amplification vs. OP

OP=28%

PN WA=2.73 OP=156%

WA=1.22

\ 4
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Endurance vs Cost
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Relative Cost (Normalized to MLC)
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Endurance vs Cost

156% OP
34 DWPD
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Managing Endurance through ECC

7X nm 5Xx nm 3X nm 2X nm
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Managing Endurance through ECC

Endurance

7X nm 5Xx nm 3X nm 2X nm
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Managing Endurance through ECC

SMART STORAGE SYSTEMS

Endurance

ECC
Requirements
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7X nm 5Xx nm 3X nm 2X nm
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Managing Endurance through ECC

Comprehensive
error recovery
can lead to
performance
degradation and

latency problems
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Requirements
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Managing Endurance through ECC

Comprehensive
error recovery
can lead to
performance
degradation and
latency problems

Endurance

ECC
Requirements

TRADITIONAL APPROACH OF ADDING ECC CAPABILITY IS NOT SUFFICIENT
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Managing Endurance Through Physics

Standard MLC

Flash Settings —>» : 101010101010101010101§¢

04 Drive Writes
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Managing Endurance Through Physics

Standard MLC

Flash Settings —>» : 101010101010101010101§¢

g i C—
- 0.4 Drive Writes
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Managing Endurance Through Physics

Standard MLC Enhanced MLC

Flash Settings —>» : 101010101010101010101 : 010100101101010111100
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Endurance vs Cost

156% OP
34 DWPD
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Endurance vs Cost
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OLTP application - 5 Year TCO Model

1 Petabyte Install Base

Acquisittn ©st
Calculated Life (in years)
Replacement rate/year

$40,000,000

$30,000,000 [ MLCSATA
B MLC-EE SATA

$20,000,000 [ MLC-EE SAS

$10,000,000

S0

SMART STORAGE SYSTEMS Company Confidential

Friday, August 24, 12




SMART S STORAGE™

Making NAND Beotter

OLTP application - 5 Year TCO Model

1 Petabyte Install Base

Acquisittn ©st
Calculated Life (in years)
Replacement rate/year

$40,000,000

$30,000,000 [ MLCSATA
B MLC-EE SATA

$20,000,000 [ MLC-EE SAS

$10,000,000

S0

SMART STORAGE SYSTEMS Company Confidential

Friday, August 24, 12




OLTP application - 5 Year TCO Model

1 Petabyte Install Base

Acquisittn ©st

SMART S STORAGE™
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Calculated Life (in years)

Replacement rate/year
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$40,000,000

$30,000,000

$20,000,000

$10,000,000

S0

>$25M
Savings!
[ MLCSATA

I MLC-EE SATA
[ MLC-EE SAS
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The Moral of the Story

B

AR () 0 I .
o UK URK AB0O

] RAD B - DR A

o UK URK AB0

JIA c OF U A M

SMART STORAGE SYSTEMS

Friday, August 24, 12

SMART STORAGE

SYSTEMS
Making NAND Bettor




SMART L STORAGE

SYSTEMS
Making NAND Bettor

The Moral of the Story

SMART STORAGE SYSTEMS

Friday, August 24, 12



THANEYOU! (£

SMART S STORAGE

Makmg NAND Better

Friday, August 24, 12



