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Re-Arch Datacenters — Non IOE Strategy

Traditional Infrastructure Standard Scale-Out Infrastructure

: Open Open
Enterprise DB Source DB Source DB
HA Software Open Source HA/ Loadbalance

Computing Node Computing Node

Enterprise DB

RISC Power RISC Power
System

EMC Storage Systems

Increase



Storage Segmentation

Centrailized Storage
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Intel® Cache Acceleration Software (Intel® CAS) 834\

‘a

o ETARSS IR 220720 AvE R E E SRS PCle”
NEFFRLE

RS E. ..
50X IOPS’
3X OLTP’

20X OLAP’
Software (Intel® CAS)

* MERE T DU WP R BN S B R S B L (e A O
SR OGO

*Other names and brands may be claimed as the property of others.
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Intel Cache Acceleration Software (CAS) & Ceph

SSD Caching of Ceph OSD drives

* Intel CAS caches data disks in the Ceph
cluster

* CAS places “hot” OSD data on SSD

Boost Performance

 For compatible workloads (), CAS
increases the total available read IOPS
and lowers the cost of storage per
attached VM

Maintain high availability

* Caching in storage nodes eliminates SSD
cache as single point of failure @

Ceph Storage Cluster

Storage Server
\ J

Storage Server
\ J

Storage Server
\ S

(1) Compatible workloads are aggregate workloads for which a majority of hot data fits in available SSD cache
(2) To maintain data integrity in the event of power failure, CAS operates as a write-through cache

11



Storage Node Caching with CAS

Virtualized )\ X

Compute Node

Hypervisor | RADOS

RADOS
Protocol

Compute Node

User [Application|

Kernel RBD

Driver
Kernel. RADOS

RADOS
Protocol

|
Journal

RADOS Node

[ |
Filestore

RADOS
Cluster

HDDs in Ceph storage nodes
cached by Intel Cache
Acceleration Software (CAS) to
Intel SSDs

Provides large performance gains for
compatible workloads ()

Caching in storage nodes eliminates
cache SSDs as single point of failure

Write-through cache reduces
opportunity for data corruption in
event of system or power failure

SSDs continue to be used as Ceph
journals, accelerating write
performance

Increases the total available IOPS

and lowers the cost of storage per
attached VM

12



HDD+ SSD Cache Cluster Test Configuration

Computel

0osD1
10x 1TB 7200rpm HDD
2x 200GB DC3700

* 10GbE Network
* One Xeon E3 servers for Ceph cluster
* 16Gb memory (each node)
* 10x 1TB SATA HDD for data through LSI2808 HBA
(JBOD), each parted into one partition for OSD daemon
* One journal SSD directly connected with SATA
controller, 20GB for each OSD
* Two cache SSDs - Five HDDs per cache SSD
* Single client node
* Dual Xeon E5

Ceph Performance
HDD Array vs HDD + SSD Cache Array
180 GB Cache - 40GB Span per FIO VM - 4K
Random Read

14X performance gain at
100% hit rate

5X performance gain at

90% hit rate
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tEaELkEk — P3700 vs. S3700 vs. HDD

FENLIOPSTERE (4K, k IOPs)

1x DC P3700 - %
1xDCS3700
1x DC P3700 e | =
1xDC 3700
50x HDD M
15K SAS in RAIDO

. 0 100 200 300 400 500

u Controller Lantency

e B —— B
= Drive Latency

o Saftware Latency

s

2000  Combined Latency (us] 75
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Data Center Interface Mixby GB
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Source: Intel Market Forecast
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SSDs in Software Defined Storage (SDS)

vm vm vm vm vm

«gs:  Policy-driven Control Plane

<~ Virtual Data Services
Data

Protection Mobility Performance
~Virtual SAN. "\Sgy virtualDataPlane
Hyperwsor converged|: External storage | ! Object
. Storggepool : | )| : i storamsnool

B s o v s e e R v e a v e e A Errt s anar e ey e i Amvar e an weares | (5 e £ i e L S R b e dr it e s e

|y
UL AL A) ]
UL AL A) ]
Wb A LA Al

C_Io ud

. x306 servers S . / NAS object
Remove expensive/slow SAN/NAS

NSG - Technology Driven, Customer Inspired, Platform Connected
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SSDs in Software Defined Storage (SDS)

vm vm vm vm vm

o Policy-driven Control Plane

<~ Virtual Data Services

Data -
Protection Mobility Performance
Virtual SAN
H"ypervisor—convergéd - High Performance (read and write)
¢ Storage pool | - Under mixed workloads Loose 2
: - ! - Tight quality of service (consistent VM performance) B Lo
i g ] - Under mixed workloads
. — S - E2E data path protection

- Avoid Data corruption / Incoherency issues
- PLI (Capacitors and effective FW algorithms)

- Avoid Data corruption / Incoherency issues ST e
- High Write Endurance (all VM data goes through SSD s

ey
Valuable SSD attributes (DC S3700 supports ALL)

NSG - Technology Driven, Customer Inspired, Platform Connected il'ltE'
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SSD in VMware & Virtualization ( E#{t ) ... \\\1\4,
X =

—

A Opportunity
Cloud, VMware*, SW Defined Storage (#HENTFE ) 7L oo

Study?
* Symantec™* Storage Foundations + Intel® SSD DC S3700 htto.//bit.ly/kkHAQd

* Openfiler* + Intel® SSD DC S3700 https://iref.intel.com/GetDoc.aspx?RefLibObiject|D=0902007¢8002080e

e  Nexenta* + Intel® SSD DC S3500 nhttps://iref.intel.com/GetDoc.aspx?RefLibObjectiD=0902007c8002392f

*  VMware VSAN* + Intel® SSD DC S3700 & Intel® SSD DC S3500

https://iref.intel.com/GetDoc.aspx?RefLibObject|D=0902007c800207c7

*  VMware VFRC* & “Swap to Host Cache”

http://www.vmware.com/files/pdf/vSphere 55 Flash Read Cache Whats New WP.pdf

* KVM* & Xen* Hypervisors — Ephemeral (local) Storage — Caching in Shared Block Storage

*QOther names and brands may be claimed as the prog)er‘?l of others. =
NSG - Technology Driven, Customer Inspired, Platform Connected 'il'ltE'
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Case: Delivering SDS: Storage Foundation* + Intel® SSD

j Symantec Storage Foundation
Syma nteC Intel® SSD DC S3700 High Availability solutions
St Foundation®* provide end-to-end visibility and
Cloragedc::L.lln Sa ion 6.1 + optimization across physical,
ustered File System 6. %/ virtual and heterogeneous
environments. Symantec
solutions are trusted by the

Re S u ltS : world's leading commercigl

banks, government agencies,
financial data services, computer

4X performance over EMC* VMAX ZOk software, and teleco companies.

symantec.com/storage-
foundation

90% Oracle* log transactions <1ms Intel” 5D DC S3700 provides

consistently amazing latency,

: . : = power-loss protection, low
¢ >800/0 COSt reductlon + hlgh avallablllty power consumption, validated
data integrity and reliability for

CFS 6.1* & TPC-like benchmark A e o o

Clustered file system breaks the lock-in of SAN

*Other names and brands may be claimed as the property of others. http://www.symante ent/en/us/enterprise/white_papers/b-storage-foundation-

NSG - Technology Driven, Customer Inspired, Platform Connected intel-joint-white \\1 1 7636.en-us.pdf
Intel Confidential — for internal use only
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Delivering SDS: VMware* VSAN + Intel® SSD

Intel/SSD) BC S37OO

vimware
\i% Intel®

Virtual SAN (VSAN¥)

Results:

P3700

Up to 15k IOPS w/SSD(4) + HDD(16)
Up to 45k IOPS w/SSD(4) + SSD(16)
70/30 R/W shared-nothing scale-out

* Integrated w/VMware vCenter* & ESXi*

VMware, Inc. is an American
software company that provides
cloud and virtualization software
and services, and was the first to
successfully virtualize the x86
architecture.

vmware.com

VMware VSAN is a scale out
Software Defined Storage (SDS)
solution that utilizes local HDDs
for storage and local SSDs for
cache to create fault tolerant
shared-nothing VM datastores
for ESXi 5.5 & greater.

Intel® SSD DC S3700 provides
consistently amazing latency,
power-loss protection, low
power consumption, validated
data integrity and reliability for
up to 10 drive writes per day.
intel.com/ssd

Scale out Software Defined Storage (SDS)

*Other names and brands may be claimed as the property of others.
NSG - Technology Driven, Customer Inspired, Platform Connected

Intel Confidential — for internal use only
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Acceleration Options VMware* + Intel® SSD

Intel,/SSD) BC S37OO

vimwadare
\? Intel®

VFRC - Virtual Flash Read Cache

P3700

Use Case:

VFRC acts as local high speed read cache
for VMs — frees up SAN

* ‘Swap to Host Cache’ - local high speed
storage for .vswap file — frees up SAN

VMware, Inc. is an American
software company that provides
cloud and virtualization software
and services, and was the first to
successfully virtualize the x86
architecture.

vmware.com

VFRC and ‘Swap to Host Cache
are two features in ESXi 5.1+ that
allow specific 10 to be migrated
from shared storage (SAN) to
local SSDs in order to speed VM
IO operations.

Intel® SSD DC P3700 provides
the same consistently amazing
features as the Intel® SSD DC
53700 with a PCle interface,
NVMe protocol for superior
latency and up to >6x more
performance than SATA based
SSDs. intel.com/ssd

Augment VM |O with Intel® SSDs — Works with vMotion*

NSG - Technology Driven, Customer Inspired, Platform Connected
Intel Confidential — for internal use only
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SSD in Big Data & Enterprise Applications... \\\{\4,
S R)E
Big Data & HPC <

° Hadoop* Acceleration w/SSD https://iref.intel.com/GetDoc.aspx?RefLibObjectlD=0902007c800
* Intel® SSG-DRD CRT Datacenter — Scratch 100% SSD + Lustre @ 40GB/Sec

* Intel® /Livermore* “Catalyst” Supercomputer http://1.usa.gov/1awPWou

* Intel® IT Design Compute Acceleration http://intelly/1gZLnER

NSG - Technology Driven, Customer Inspired, Platform Connected 'ii‘llEl 30

Intel Confidential — for internal use only
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Accelerating Big Data: Hadoop* + SSD

InteleSSDIBC S3700
=

fhtel®

P3700 Apache Hadoop is an open-
source software framework for

storage and large-scale
processing of data-sets on
clusters of commodity hardware.

Use Case:
Hadpop is.an Ap.ache top-level
» Testing at NSG/DCG/CMG in progress  fomcomnyor

contributors and users.*.
projects.apache.org - hadoop

« SSD as temp/intermediate data
. Intel®SSD DC P3700 provides
Storage Can Speed Hadoop JObS the same consistently amazing

features as the Intel® SSD DC

. . $3700 with a PCle interface,

* Add 1x SSD/Host — modify .xml file NVMe protocol for superior
atency and up to >6x more

.. ) performance than SATA based
* mapred.local.dir in mapred-default.xml config SSDs. intel.com/ssd

Accelerating BigData architectures with Intel® SSDs

*Other names and brands may be claimed as the property of others. https://iref.intel. com/GetDoc.aspx ?Refl ibObjectID=09020078002079f
NSG - Technology Driven, Customer Inspired, Platform Connected
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HadoopE izt £

=

WABRES [B]EY T Terasort Processing Time

= 49% SLFHSATA SSD N :
" 31% " ZFIPCle SSD . - .
MEgEFETT f 150 - o %
= 2x » ZFHSATA SSD " 100 - HDD .
= 3x > SZAIPCle SSD o | B

HD D SATA 55D PCle 55D

Test Configuration: 3 data nodes, each has:
Ivy Bridge, 128GB RAM, 10 GbE. 1x 500GB HHD or 1x 800GB P3700 or 1x 800 GB S3700 drive as temp/intermediate data in the cluster
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BHRITEREXSER : Lustre* + BISE
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HDD RS =X 4

| 50 55 Average AT 14 1485 2840 5721 7
LF3EHDO Average . 371 BlE nm £390

Lustre* E— 11T
&4 FTEATAAESE
FEITE o 1Y) Lustre™* 1y
BLFFR® 1RV E T
Y} Lustre* fyFHER/R® &
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Ly Lustre* fTEnE
PR -
intel.com/lustre

$SD (LFS) vs. HDD (LFS8)

32 64 % 128
| 1075 | 1o1me | ETe26 | 31676
4550 | SAGM4 | 304B | ZIM0 | 2617

scratch/temp
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22594 — SSD vs. HDDB RER LIRS

SSD (LFS9) vs. HDD (LFS8)

35000

30000 ~

25000 /

20000 /

15000

10000 //
5000 —/' ———

0

Average |OPS over 13 Test Series

1 2 4 8 16 32 64 96 128
LFS9 SSD Average A487 814 1485 2849 5721 10745 19178 27626 31876
LFS&8 HDD Average 311 602 1173 2390 4550 5494 3048 2770 2617

NSG - Technology Driven, Customer Inspired, Platform Connected "i.l-'ltE'|

Intel Confidential — for internal use only



ISR B =R iEER




SSD in Database ( SSDTE&UREELHAER ) ... \\\{\4 p

P ~‘,) 7/_,

-
Database <
* IBM* TEM (Security management) MSSQ DB and Intel® IT nip//inteliy/120Femz
* Intel® SSD DC S3700 for Oracle™ Log Writer http://intelly/1fkobp)
* Oracle* TimesTen + Intel® SSD DC S3700 nhttp://intel.ly/1ewyim

* Aerospike* Acceleration w/Intel® SSD http://bit.ly/1hF8p6w

* Top SSD use cases ( FERISSDIFERIZ=)
« Log Writer (EHEI{E) - Traditional & In Memory

» Cache/B-Cache/CAS & TempDB (Sort) : FIFH—%cache /4B S

« SQL - Buffer Pool Extension (Classic SQL) : 20145RAAIMS SQLEFRITHEE
Pure SSD for 10 intensive DB : ZiSSDRFXJIO+ BURAISHEZE

« #1 Industry Trend = Move to in-memory DB : TR EEZ(FRANEEEERE

*Other names and brands may be claimed as the property of -
othd¥8G - Technology Driven, Customer Inspired, Platform Connected fintel 37
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http://intel.ly/1ewyjEm
http://bit.ly/1hF8p6w

Accelerating DB: Transaction Commit

+|nte@§37oo
S Intel® P3700
ORACLE -

Results:

* Millisecond to Microsecond log
writes

* Order of magnitude faster response

Intel® SSD DC P3700 provides
the same consistently amazing
features as the Intel® SSD DC
S3700 with a PCle interface,
NVMe protocol for superior
latency and up to >6x more
performance than SATA based
SSDs. intel.com/ssd



http://houston-mfg.com/wp-content/uploads/2013/08/oracle-logo.jpg

Accelerating DB Startup: In-Memory DB

TimesTen is an in-memory,

i Inte & SéD) QC S3700 relational database management

TimesTen \ b system with persistence and
Ny, = / ® recoverability. Acquired by

In-Ma + =

nmm’ . Intel P3700 Oracle Corporation in 2005.

oracle.com/timesten

Intel® SSD DC S3700 provides
consistently amazing latency,

Res u lts: power-loss protection, low

power consumption, validated
data integrity and reliability for

« Parallelized 10 across 16-threads P 10 10 arive writes per day.

* >4x better than SATA SSD the same consistently amazing
features as the Intel® SSD DC

. S ith a PCle interface,
« Loads 100GB Database in 48sec NVMe protocol for superior
latency and up to >6x more
performance than SATA based

* Enable memory to block ops in parallel | 8. netcomssa

Accelerating In-Memory DB with NVMe/PCle Intel® SSDs

*Other names and brands may be claimed as the property of others.
NSG - Technology Driven, Customer Inspired, Platform Connected
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PCle BEFSETaME, "HNEREEsk"

ORACLE N E

wacrmmmae [ FEFE100GB XA 1]

Oracle
P 31 735 <178
loaded to s
el @ ’T;Fﬁ

(EFEEIEN®EIRLZDC P3 700X Z(EEE NI T 30/=

NSG - Technology Driven, Customer Inspired, Platform Connected
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SSDsEZRYSEAEMIEEERMS RS
() vmware Bocey  lustre
‘ Sl e ‘

I « Tiering (H#ESTE) : Exchange*, Marklogic*, Nexenta* & Openfiler*,etc...

11 « Temp (IEETZIE]) : Hadoop*, Microstrategy*, Endeavour SC, SAS* Analytics, ete...

III - Caching (ZB8fFHZE) : VSAN*, VFRC* Intel ®CAS, Memcached*, B-Cache?, etc...

NSG - Technology Driven, Customer Inspired, Platform Connected intel

Intel Confidential — for internal use on
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http://houston-mfg.com/wp-content/uploads/2013/08/oracle-logo.jpg

Why Choose Intel SSD?

I35t

N ~ - i
A
f INTEL® SSD
'5',~uh’="‘“'v.'l FIVE
Y s YEAR
WARRANTY §

il

-
240

FITRAE

BEFRA

‘World-class Intel® SSD Solutions

NSG - Technology Driven, Custome
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FEiRSSD

— {X3E : P3500. S3500% ;

- B MHeEREEAE. BEIAMRSES ;

- NAFE  BR. =31 E. UREFENEAS
= IEEe/SFMSSD

— {3 : P3700, S3700%: ;

- BA SEEHANESEK. BIEIBAERK. BEAMRE ;
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T EIEEJERISSD

- {3& : P3600%: ;

- B MEEERAEIEK , 4EE. Fm. MiEE
- MAH=R : MySQL, NoSQLZF ;




- Intel’ SSD DC S3700 Series

Form Factor

Capacity

Performance

Power Max/Idle

Security

Endurance

Warranty

2.5"&1.8"

2.5" =100, 200, 400 & 800GB
1.8"-100, 200 & 400 GB

500/460MBps R/W Sequential
75k/36k IOPS 4K R/W Random

2.5" - 6W / 650 mW Typical
1.8"-5.3W /650 mW Typical
End-to-End Data Protection
Power Loss Data Protection
AES 256b encryption

10 drive writes Per Day for 5 years

5 year

Intel” SSD DC S3500 Serier

2.5",1.8" & M.2 80mm
2.5"-80, 1- 800GB, 1.2TB & 1.6TB
1.8" - 80, 240, 400 & 800GB
M.2 - 80, 120, 340GB
500/400MBps R/W Sequential
75k /11k IOPS R/W Random
2.5"-5.0W /650 mW Typical
1.8"-5.2W / 650 mW Typical
End-to-End Data Protection
Power Loss Data Protection
AES 256b encryption

.3 drive writes Per Day for 5 years

5 year




Intel”’ SSD DC P3700 Intel’SSD DC P3600
Series Series

Form Factor

Capacity

Performance

Power Max/Idle

Security

Endurance

Warranty

2.5" | AIC

2.5":400,800GB 1.2TB, 1.6 and
2.0TB
AIC: 400,800GB 1.2TB, 1.6 and
2.0TB

2.8/1.7GBps R/W Sequential
450/150k IOPS R/W 4K Random

25W / 10W Typical

End-to-End Data Protection
Power Loss Data Protection
AES 256b encryption

10 drive writes Per,Day for 5 yrs

2.5" | AIC

2.5":400, 800GB 1.2TB, 1.6 and
2.0TB
AIC: 400,800GB 1.2TB, 1.6 and
2.0TB

2.8/.85GBps R/W Sequential
450/70k IOPS R/W 4K Random

25W / 10W Typical

End-to-End Data Protection
Power Loss Data Protection
AES 256b encryption

3 drive writes Per Day for 5 yrs

5 years

Intel’SSD DC P3500
Series

2.5" / AIC

2.5":250,500GB, 1TB & 2TB
AIC: 250, 500GB, 1TB & 2TB

2.8/.65GBps R/W Sequential

450/40k IOPS R/W 4K Random

25W / 10W Typical

End-to-End Data Protection
Power Loss Data Protection
AES 256b encryption

0.3 drive writes Per Day for 5 yrs

5 years




