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Multi-core processors drive up processor utilization
and demand for more I/O per server

New form factors: PCle cards, appliances, shared

storage

15K HDD
Flash SSD

7.2K HDD




Enterprise Storage Revenue Forecast (IDC)

$45 Hot/ Flashe| 714 szt =
$40 Active x| AF2| I/0 E|0{2] 7}mt2 A%t
$35 - Data -Hm™®A 57% =S7le
@330 -
€425 -
§$20 i = <
m C0|d/ HI’S%? E'IIOIE'IQ-I 37|'E
$15 - Static Hl%/%%*gil XXMzt E|lo F7t
$10 - Data - Q8 19% F7t=
$5 -
50 |

2011 2012 2013 2014 2015 2016

. I/0 Intensive (Flash)

. Performance Optimized (15K,
10K)

. Cost Optimized (7.2K)

IDC, Worldwide Enterprise Storage Systems 2013-2017 Forecast, May 2013; Doc #241033
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Read-intensive Write-intensive
’ Random
Sequential
B Indexing B -pPC
B Front End Web Streaming Media
[ OLTP Database B web Applications
B Email/Messaging Collaboration
Pl Data Warehousing Infrastructure
B Virtual Desktop B Other




SLC & MLC SSD
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Write Intensive (WI), SLC Read Intensive (RI), MLC

Workload Mainstrss;nu/:apg(leications 98??8?/&??\%)(
Capacity 200GB, 400 GB 16TB
Endurance (Full writes / Day) 30 (10x) 3
Endurance (written PBs) 21.9PB 8.76PB
Random Read IOPS Great Great
Write Bandwidth Best Moderate/poor
Relative Costs More (4x) Less
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Compellent All flash &M
MEZE HE|O| All Flash &2M X3
= ME& HE|9| read intensive (RI) MLC SSDs X| &
= Flash Z| &3} Aj 22 Storage Center 6.4 X| &
= Ct=9| SSD of Cist A==l Tiering X| ¥
= Write intensive (WI) SLC SSDs 2} Read intensive (RI) MLC SSDsZ F &£

SC220:
2U 24 DriveZ} &%t 7155t
Flash Enclosure

12 configurable slots
for 6x 400GB SLC SSD,
6x 1.6TB MLC SSD, or
1TB 7200 RPM HDD

6 pack 6 pack

400GB 1.6TB
SLC SSD MLC SSD

* 6 pack 400GB 12 7§o| HIEE 2 LIS 6 packs E2t0| &

Write Intensive SSDs MEi™M oz XRH&L Jts:

(SLC) * 400GB Write Intensive SSDs

* 6 pack 1.6TB + 1.6TB Read intensive SSDs

Read intensive SSDs - 1TB 7200 RPM HDDs or 15K/10K/7.2K Spinning HDDs

(MLC)
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HA, MLCQ} Spinning disk A|=& E3% H8 g8X 1/d

Flash Optimized Dell Compellent

= Tier 2 Tier-1 Tier-2 Tier-3
B /' : ‘-"‘\ ‘ SLC Flash MLC Flash HDD
— — o —
High Endurance b S
Enterprise SAS , H Q
SLC SSD i | | | L

Write-Intensive Read-Intensive Capacity-Optimized
RAID-10 RAID-5 RAID-6

</ Performance

Read Intensive
Enterprise SAS MLC SSD
K 7.2K SAS Data Progression

" Flash 2tZof £/ X 3}El 7= 3"

= SLC, MLC, Spinning disk 1422 M5t H|901| =X 3t
= Micro second tHR|Q| Latency®t @+ 2tA0|| St= Z|CH Q| IOPS X|&l, Compellent |8l AtZ O =2 +H
= Read intensive 0|O|El= At=S2 £ read intensive SSDs (MLO)Z 0| =

= Write intensive data = high endurance SSDs (SLC)0f| 2|X|
= Cold datag 72K RPM C|A3Z O|&




288x 300G 15K = 6x 400GB WI SLC
86.4 TB (Raw) 12x 1.6 RI MLC
< 40K IOPS 12x 4TB 7200
28U Rackspace ry RPM

= 70 TB (Raw)
" Licensing = T i = >> 40K IOPS
Enterprise Cap MR L = 8U Rackspace

» Street Price = * Licensing =
~$150K - $250K Base + 2 expansions

= Street Price =
~$160K - $270K
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All-flash for business

critical workloads
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latency®} &t&Hd 27 UHE

Tier 1 0] 2|7 0| M
OLTP Oracle [|O|E} H|O| A
VDI gold image 2t 21 X%

Big data 24

WI & RI
SSDs B N

Hybrid for general

workloads
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7K RPM
HDDs

Cost optimized HDD-
based for lowest $/GB
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15K RPM
HDDs

7K RPM
HDDs







Business Workload £ %!

Transactional/IOPS intensive workload7} Flash0| g}, Bandwidth critical workload= Spinning Disk0{| =gt

14

Transaction/IOPS

Flash Based Storage

o Business Processing
OLTP
/ Transaction kY
i Processing '
A eCommerce e

Data Decision Su ppor{“‘*\
______________ Warehousing & Intelligence 5

Visual DB

_______________

Bandwidth/MB/s
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Server Server Server
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read?} writeE Q|5 A|= SANS
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Storage Area Network
(SAN)
1

Storage Network
(FC or iSCSI])

MRt AE2|X| 7t9| Latency= IOPSQ} transaction &£ =0 HoF=
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Workload H| 1t

Transactions
Second

1,000,000,000s —

100,000,000s

100,000s

100s
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Picoseconds Nanoseconds
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Storage
SSD

Latency

Milliseconds Seconds

Microseconds
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How,
Dell Fluid
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Fluid Cache for SAN

Compellent?} ZTtEl Tier 0 &8 M

g °* Express Flash PCle SSD SLC Drive
mi: © Express Flash PCle SSD MLC Drive
¢« MLC SSD card

* Fluid Cache for SAN Software

< Write-Intensive SSD - SLC
s or 15K

Mostly 7.2K or 10K
or Some 15K
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Tier O ;
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s 2E2[X| Q=g




pg) ==

Ehgn;'@h[”n‘; =

AR K A
I

|‘|g,|“|y| L.k' WU
'l ‘l%l l’\‘l l'v\l A l




PCle SSD

¢t DELL PCle SSD

=
o

1 x PCle SSD
90,000 IOPs

11 x SAS SSD

349 x 15K HDD
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88,000 IOPs

* Price/Performance about

e Price/Performance:

* Price/Performance about

$0.2/I0PS

 Power: 13w

$0.72/I10PS

 Power: 66w

$2.14/10PS

 Power: 2443w
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Fluid Cache for SAN O} 7| &l X

Dell Fluid Cache software + Dell Compellent = 0{E2|#|0|M & HEE 7152}

Ii Cache Contributor Servers—l I— Cache Client Servers —|

] @ﬁﬁﬂ 0 Install Fluid Cache software

OAdd PCle SSD Express Flash cache

Q Configure low-latency network

0Map volumes to cache pool

) m—




Fluid Cache vs. Storage Layer Caching

Dell Fluid Cache software + Dell Compellent = {EZ2|#|0|1 SE HT E 7I52)

Caching at the server layer : Fluid Cache
Server \

FIui Cache caChe POOI
— Switch

Fluid Cache
Server

Key

Server

Cache =2 o~ Compellent
SAN

(55D, SAS,
or SATA)

Fluid Cache
Server

Cache Z0f HM~2f
7|0 Yetg

SAl =¥
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Caching at the storage layer
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Latency

Cache

SSD SAN
or SAN
with Tiered
SSDs




Write Cache with High Availability

Server A Server B

Application A' Application B

Server C

Application C'

PClIe SSDs

Write data
Replicate

Complete write
Flush data

e
Free replica M,QUM@HELMMQHLM_@HQ.
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OLTP running on Oracle

3 E X in Dell lab test
Dell R820 Dell R620 Dell R820

Shared PCle SSD cache

Private cache network

Storage Area Network (SAN)
Dell Storage Center Minimum Version 6.5

) | -




OLTP running on Oracle

8 - E X in Dell lab test
Dell R720 Dell R720 Dell R720 Dell R720 Dell R720 Dell R720 Dell R720 Dell R720
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OLTP running on Oracle
3 E 31X in Dell lab test
Maximum number of Concurrent Users per second

4|:||'| 0] 49| concurrent user
2000

1600

1200

800

400

Without Fluid Cache Fluid Cache for SAN
for SAN

27

8 LE X in Dell lab test
Maximum number of Concurrent Users per second

GHH 0| AFO] concurrent user
14000

12000

10000

8000

6000

4000

2000

Without Fluid Cache Fluid Cache for SAN

for SAN




OLTP running on Oracle

3 L.E X in Dell lab test 8 L E X in Dell lab test
Maximum number of Transactions Per Second (TPS) Maximum number of Transactions Per Second (TPS)
4.4} ojate| TPS AHH ojatel TPS
2000 13500
12000
1600 10500
9000
1200
7500
6000
800
4500
400 3000
1500
0 0

Without Fluid Cache Fluid Cache for SAN Without Fluid Cache Fluid Cache for SAN

for SAN for SAN
28




OLTP running on Oracle

Oracle OLTP
3L X

With and without
Dell Fluid Cache for SAN

Transactions Per Second (TPS):

4.4x E7}
(449 to 1979 TPS)

Average Response Time (ART):

97% Zta
(1500 ms to 46 ms)

Concurrent Users (CU):
4x Z7}
(500 to 1900 concurrent users)

Oracle OLTP
8 - E JAX

With and without
Dell Fluid Cache for SAN

Transactions Per Second (TPS):
4x =7}
(3260 to 12609 TPS)

Average Response Time (ART):
99% Za
(876 ms to 6 ms)

Concurrent Users (CU):
6x 57}
(2,200 to 14,000 concurrent users)




Fluid Cache for SANO| AtA
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Multiple Server
Cache Pools
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Write Back Cache

CHa=3t write through
HtAIO| Oyl read and
write back gtAl0 2
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Easy Access Media

+ At @ ol hot plug
HtAlo| PCle SSD AFR
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$/GB & $/10 %x| X3}

Lower TCO by balancing
performance and capacity needs in a
single platform

Tiering (A52h

Automatically move data between
Flash tiers and HDD tiers

=| —

Maximum performance
&flexibility (45, 44d)

Reduce response time
by bringing data
closer to compute.
Leverage investment
in existing infra

Scalability (2+%Hd)

Scale to meet storage requirements
with either SSD
or HDD




The power to do more



