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M/ Today’s Compute
Flasleemory Hierarchy

Multi-Core/Socket CPUs
- pS latency

DDR4 - 4.266GHz RAM
{/ n S - 7 nS latency
FAST
Cache
200GB FLASH SSDs
. - - US — 20 uS latency

3TB HDDs
- 17 mS latency

FAST

Virtual Pools
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FlashMemory Storage Efficiency
100 TB Usable Capacity Example

The FAST Effect e 645 X 600GB 15K

* Replaced by 246 drives in
a 6/10/84 blend:

— 70 X 200GB SSDs

700

VNX7500

600

500
2 — 64 X 600 GB 15K HDDs
2400 mSSDs (FAST Cache) — 112 X 2T7B NL-HDDs
g m SSDs (Pool)
5 00 VNX5500 15k sas HODs « Smaller frame needed
: =7 200mm NLSAS HDDs — 62% smaller footprint
200

— 75% less power

— 27% lower acquisition
cost

100

Monolithic FAST

 20,% (o
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FlaSJIMemory Effective Cost Defined

Why utilization is a big deal

Nominal Cost .
= Effective Cost

Utilization

Low Utilization Example High Utilization Example

$10/GB $10/GB

100 = $100/GB 2o~ = $12.50/GB




~M, Galning Fast Application
Flas}leory Response Time

Older approaches are increasingly inefficient

Short stroked & striped « Mechanical drives are slow
i T T T  Utilization must be sacrificed in order to get
DislE | DislE | picll® | pDisl® | Disl the highest disk performance (short stroking)
* More and more drives must be striped as the
$1.53/GB @ 3% utilization need for business transactions increase
$54 per GB effective cost
Striped « SDDs are up to 100 times faster than
- g, mechanical disks — but more expensive
FLAS|_¢ FLASIH FLAS|_< « Almost the entire drive can be used, so fewer
] ] SSDs drives are needed
$34.80/GB @ 98% utilization * Only the most critical data can justify the
$36 per GB effective cost manual move to expensive FLASH SSDs

 20,% (o
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M/ Solution:

HashMemay Automatic Data Optimization
The benefit of FLASH without the cost

 All data activity is constantly tracked

» High activity data is automatically

_ moved to FLASH SSDs

Active » Low activity data is automatically

Data moved out of FLASH to low cost disk

| « Applications now enjoy lowest
response time possible for data that
matters

90% utilization
$2.39 per GB
effective cost
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i, FLASH 1st

FlaleMemory Supercharges Vanderbilt
FAST Suite + SSDs help achieve IT excellence

VANDERBILT
UNIVERSITY

EMC Unified Storage Solution

- VMware, SharePoint, SQL, Oracle
- 108 TB'’s student data

- Added 24 SSDs + FAST Suite

- 1.6% FLASH serves 78% of all 10
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RashMemoy  Examples of IO Skew

Driven by Data Growth and Business Models

{
Y

100% 100%
9% — 90% —
e \H/erK Growth: 60% — o | Stg. | Growth: 50% —
70% g Days Hot: 10 — 70% - Days Hot: 60 —
1% of data = 80% of IO ) Skew  5.5%of data=80%of IO
o Skew o
50% 50%
40% 40%
30% 30%
20% 20%
1% 1o \
0% 0%
0 30 &0 a0 120 150 180 210 240 270 300 330 360 0 30 &0 a0 120 150 180 210 240 270 300 330 360
100% 100%
290% — 0% - —
ao% ——— i Growth: 100% — 80% - Growth: 50% —
70% H | g h Days Hot: 30 I 70% - LOW Days Hot: 90 —
o Skew 4.2%ofdata=80%o0fl0 p Skew 8.2%ofdata=80%o0fl10
50% 50%
40% 40%
30% 30%
20% 20%
0% 1 \ bl \7
0% 0%
0 30 &0 a0 120 150 180 210 240 270 300 330 360 0 30 &0 a0 120 150 180 210 240 270 300 330 360
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A3 The FLASH 1St

FlashMemory Data Strategy
Hot data on fast FLASH SSDs—cold data on dense disks

HHOt”
high activity Highly active data As data ages, activity
Is stored on falls, triggering automatic
FLASH SSDs for movement to high
fastest capacity disk drives for
response time lowest cost

Data Activity

“Cold”

low activity

Data Age (5 years)
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FashMemoy  How Much FLASH?
Used dynamically with FAST

Size of ELASH EIEO e Data fqllows_a_l predictable
decay In activity
» Older data is constantly

being replaced by new
N L highly active data

m' « The amount of FLASH

| required is determined by:
FLASH Capacity

\/ — The amount of data

Amount of Data being
created daily

\ . J created each day, and
Number of Days of — The period of time it takes
High Data Activity to cool

 20,% (o
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FlashMemory The FAST Suite

Dynamically optimizes 10 for FLASH 15t at a 64K page size

e FAST Cache

— Caches data from the
HDD or NL-HDD tiers in
the pool

— Operates at a page
granularity of 64K

e FAST VP
ZoIIIiII — Dynamically moves
Eeeeres data between tiers in
the storage pool

— Operates at a slice
v . granularity of 1GB
ISIISI%)IIIIIIIIII:ll[I)I[I)IIIIIIII | i | I‘ ; I i ’ Deploying bOth together
ensures maximum IO
granularity

FAST Cache - FAST VP Relationship

EMC
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Mg How Long Does
FlashMemory Data Stay Hot?

Depends on business model, applications and workload

100% - N

N\

0% -

Daily
Hot Days cooling
rate @ 80%

80% -
30 5.2%
60 2.7%

90 1.8%
1.4%

70% -

9 (1]

30 days 60 days 90 days 120 days
Days of high data activity
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W\, Calculating

RashMemoy  How Much FLASH

 SuMMIT |

ear rowt ate% umper o ot Days

FLASH T ly Growth Rate% X Number of Hot Days X 100
. 0 —

Portion 365 X (Yearly Growth Rate% + 100%)

FLASH portion
as a function of Yearly Data Growth

18%
16%
14%
12%
10%
8%
6%
4% ——
2%
0%

FLASH portion
of storage pool

10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
e==30 days Hot 1% 1% 2% 2% 3% 3% 3% 4% 4% 4%
G0 days Hot 1% 3% 4% 5% 5% 6% 7% 7% 8% 8%
e==00 days Hot 2% 4% 6% 7% 8% 9% 10% 11% 12% | 12%
120 days Hot| 3% 5% 8% 9% 11% 12% | 14% | 15% | 16% | 16%
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FashMemoy  How Much FLASH?

3 fundamental business questions

« How much data is under
management today?

v'50 TBs

« How much is your data growing
each year?

v'50% YoY

 How long does your data stay
hot?

v'60 days

14
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FashMemoy Calculating Net New Data
Net new is a function of amount of “starting data” and “growth”

50% growth rate

80  50% of 50TB is 25TB
60  The average amount of data
40 - generated each day:
- — 25X 1024 GB /365 =
/0 GB per day
0 -

Start Year 1
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HashMemory Calculating Needed FLASH
SSD tier only needs to be large enough to hold hot data

 FLASH Capacity:

50% growth rate — 60 days X 70 GB =
4,200 GB

« FLASH Percentage:

— FLASH Capacity/Total
Capacity
— 4,200 GB/(75 X 1024) GB X

100:
Start Year 1 %
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FlashMemory FLASH Percentage
A function of data growth and service level
o * Relative more
l FLASH is needed
st when:
— Service level
S sl (FLASH hit rate) is
2 elected high, and
% oo - — Data growth is high
)  More than 25%

FLASH is highly
unlikely!

5% -

17
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Flaslemory Modeling “Data Decay”

A S|mple GB-Day state model describes typical data behavior

100%

90% - -
" 80% - P — (1'C) A, and -
0
A = LOG, (1-C) .
©
9 60% —
S Where:
S P is Probability of data access
2 T C is daily Cooling rate
§ 30% Ais data Age in days I
053 20%

10% —
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I
Flas;lleory Modeling “Data Decay”

A S|mple GB-Day state model describes typical data behavior

o P = (1-C) » and -
A= LOG, (1-C) -

60% ——
. Where:

P is Probability of data access
C is daily Cooling rate

A is data Age in days
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M Using Business Metrics
FlashMemory to Configure

With no trace data, the “decay model” can be a useful guide

100%

e The SSD tier
retains a 80%
probability of data
re-use

3_T|er * An 15K HDD tier is

used as overflow

F LAS H 1st with a 19% chance

of data re-use
» Finally, the NL-HDD
Strategy tier is used for long
term online storage
with a 1% chance
and lower of data
re-use

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

—_— ——— —— - — — T —
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RashMemoy  Configuration Example

Using the model for 50TB, 50% growth, 60 days hot @ 80%

VNX5500

Smaller Foot Print

SSDs for FAST Cache 8
SSDs for FAST VP 32
15K SAS HDDs for FAST VP 32

VNX5700

Large Foot Print

325 SAS 15K HDDs

NL-SAS HDDs for FAST VP 56
TOTAL 128

B

R $434,691

$481,360

Note: pricing only an example, NOT a quote. Individual cases may vary.
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M Clear Benefits of
FlashMemory FLASH 18t

Faster Response Times
Smaller Footprint

Less Power

. Supercharge
Your Applications

Lower Cost




M,/

FlashMemory

THANK YOU
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