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| Legal Disclaimer

This presentation is intended to provide information concerning Flash storage industry. We
do our best to make sure that information presented is accurate and fully up-to-date.
However, the presentation may be subject to technical inaccuracies, information that is not
up-to-date or typographical errors. As a consequence, Samsung does not in any way
guarantee the accuracy or completeness of information provided on this presentation.

The information in this presentation or accompanying oral statements may include
forward-looking statements. These forward-looking statements include all matters that are
not historical facts, statements regarding the Samsung Electronics' intentions, beliefs or
current expectations concerning, among other things, market prospects, growth, strategies,
and the industry in which Samsung operates. By their nature, forward-looking statements
involve risks and uncertainties, because they relate to events and depend on circumstances
that may or may not occur in the future. Samsung cautions you that forward looking
statements are not guarantees of future performance and that the actual developments of
Samsung, the market, or industry in which Samsung operates may differ materially from
those made or suggested by the forward-looking statements contained in this
presentation or in the accompanying oral statements. In addition, even if the information
contained herein or the oral statements are shown to be accurate, those developments
may not be indicative developments in future periods.
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H IT Trend for Flash Storage

]
— Hybrid Array
— Server Flash
— Flash Appliance

— Cloud Computing
— Virtualization

— Big Data

— Virtualized Hadoop
— Change in SSD
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IT Trend for Flash Storage - 3rd Platform AI I:I'I
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IT Trend for Flash Storage - Data Center Evolution
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IT Trend for Flash Storage - Pattern of Workload

H VM 7|utst Cloud A& 240 A 2] Random data access pattern =7}

Traditional Workloads Cloud Server Workloads

« Sequential throughput & IOPs * More VMs drive random
important « Random IOPs critical
« Utilization can be low * 24h x 7days Operation

\ Sequential and Random Accesses / \ More highly randomized accesses /

Source: HGST Pamsuncdle




IT Trend for Flash Storage - Storage Usage

Em By 2015,
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IT Trend for Flash Storage - Interface & Market
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IT Trend for Flash Storage - Price
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B Flash Storage Applications
— Hybrid Array
— Server Flash
— Flash Appliance

]
— Cloud Computing
— Virtualization
— Big Data
— Virtualized Hadoop
— Change in SSD

]
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Flash Storage Applications - Overview

B 7| Y&k flash storage 7| 25§
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Flash Storage Applications - Hybrld Array

B Hybrid Array - A1} 7149 #H
— SATA, SAS SSD 2| $/GB 2L}3} > auto tiering algorithm 2| %| &5}
» Data 2| [/O access pattern It - SSD/HDD 7t data O| & At=2}

« PCle SSD Flash in the server K L ST \ \
« SAS SSD flash appliance /

4 R /\f\

* Write intensive SSD

Tier 2
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High Endurance
. . Enterprise SAS SSD $
* Read intensive SSD Shares storage -
« 15K or 10K infrastructure
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Flash Storage Applications - Server Flash

B Server Flash - ultra low latency, ultra high IOPs per device
— PCle 7|HtQ| flash SSD £ 0|&£35}0¢ 10 IOPs & > 8 AH & 64 PCle SSDs
= MZ& SW layer o] £¢ > CPU @} PCle SSD 7} datao| 2| 0|5
— 1008t IOPs, 20usec latency / PCle SSD
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HP ProLiant DL370,

2 x Six-Core Intel®
Heon® X5660 2 80GHzZ,
T3GB RAM

8 x Fusion-io ioDrive2 Duo

x 8: Constraint PCle Drive

HP ProLiant DL580,

4 x Ten-Core |Intel® Xeon®
Ez-4870 2 40GHz,

256 GB RAM

8 x Fusion-io ioDrive 2

HPFP ProLiant DL370, Q -

2 x Six-Core Intel®

Xeon® X5660 2 80GHz, 200GB 147 GEB % - =

Sl s i S 5,000: Constraint SSD
5 x Anobit Genesis SSD, 1 x HDD B HDD

x 250: Constraint Server
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73GB RAM 25" SAS 1 )

667 x HDD DD
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B Flash Appliance - dsELCl= MAEE 2FA Ol GB T Cost 244 =8
- SWuEte| S5 MH H &= 7 HE > $/GB E Vs 2= 42

* Max 44TB (19/20nm), 500TB (16nm) per 1U
Skyera * $1.99/GB compressed, $0.49/GB comp and dedup
skyHawk * 500 IOPs over 15 interchangeable 16Gb Fibre Channel or
10Gb Ethernet ports

VIOLIN 6264

Violin ‘ * 64TB (6264)
Memory
6264 * 500 to 750 IOPs

Nimbus e first to use 1xnm NAND

4t Flash L TN « HALO SW = $0.78/GB

Appliance (1/3 cost of comparable hybrid storage)

Source: www.thessdguy.com, 2012 .



B Flash Storage &8 1}
— Cloud Computing
— Virtualization
— Big Data
— Virtualized Hadoop
— Change in SSD
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Flash Storage €& 21} - Ov

B Flash Storage M-8 Domain &

Cloud Computing

All flash based appliance in Cloud Computing

Realtime NoSQL

D in VDI Environmen

Cache

PCle

Virtualized Ha
Virtualization Overhead |

Virtualization Big Data
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Flash Storage

— Higher IOPs & QoS d=0]
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— SAtet OS image/application AFE = HHE S}
— PCle SSD £ 0| &3t deduplication/cache &

® |

Read & Write Operations / sec
A Day in the Life Of a Virtual Desktop Environment
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Flash Storage

J

Bl DRAM & SSD 7|8t2| hybrid NoSQL S% - real time big data M =X
— DRAM & SSD o 5A| &&= &%t latency 2= A =2 [/O M| [LHE HA|ZF 21}
= DRAM - DB index X%,
= SSD - large block EF2|2Q| flash write =2l

75% load, synchronous replication,
REAL-TIME BIG DATA APPLICATION ° SSD-based data set
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Cluster Awareness |

‘ Transactions |
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EXTENSIBLE DATA MODEL
MANAGEMENT
&
MOMITORING AERDEFIKE CLUSTER

Asrospike Alchemy Framework™
s User Defined Types

= User Defined Functions

= Distributed Aggregations

= Str, Int, Lists, Maps
= Large Stacks, Sets, Lists, Maps
« LookUps, Queries, Scans

AEROSPIKE SMART CLUSTER™N PROXIMITY & REDUNDANCY

= Self-Healing (auto-failover,
replication, re-balancing) Asrospike Cross Data Center
= Rolling upgrades Replication™ (XDR)

SERVER

= Aprospike
Manitoring

Cansale™
= Cammand
AEROSPIKE HYERID REAL-TIME Line Tools g
MEMORY SYSTEM™ . )
(DRAM & FLASH) Sl et i
« Index Management = High Perfarmance Transactions Graphite, E

= Expiraticn & Eviction System = Job Pricritization Zabbix

& Log-Structured File System = Multi-Care Optimizations
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Flash Storage &£
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Flash Storage &2 &1 - Change in SSD (1)

B 3D V-NAND cell Q] reliability 57t > 7|&igk SSD A|& HE =IC|
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Flash Storage &8 T 1} - Change in SSD (2)

B V-NAND 7|t SSD 9| XA
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Flash Storage =2 21} - Change in SSD (3)

M 3D V-NAND SSD A|% Mg
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]
]

— Hybrid Array

— Server Flash

— Flash Appliance
]

— Cloud Computing
— Virtualization

— Big Data

— Virtualized Hadoop
— Change in SSD

B A QZa Bt R
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Needs for Soft Skills
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Needs for Soft Skills

Future Work Skills 2020

Under 6 drivers of chang\e

Sense-making
Drivers—disruptive shifts that
Q ‘will reshape the workforce

landscape

Key skil needed in the future
workforcs

Social intelligence

Novel & adaptive thinking
Cross-cultural competency
Computational thinking
New media literacy
Transdisciplinarity

DN N N N N N N

Design mindset
Cognitive load management
K\/irtual collaboration /

- Institute for the Future, 2011 Close to Li beral Arts!

AN
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What is the Academy Doing?

Ul VALl

Computer Computer Cognitive
Science and Science and clence
Anthropology Psychology

B4
%1

Information Logic, Information, Computing
Science — and Computation and the Arts
Cornell — Penn

Human-computer Interaction —

Carnegie Mellon University

- Source : Gartner
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From Computer Science to Data Science

B Skills for Data scientist

( m \ Technology Sk|IIs

v" Communication ' amli:; iﬁ'n?;?:
v" Collaboration
v' Leadership

v Creativit 1 Understand Data Know Analytics Focus on the
y * Integrate « Appropriate Business
. N . : technigues + Goals
\/ DISC|p|Ine . EEHIDUIEtE . :jnterpretdatadard = Constraints
. IEgnose models . et
v Passion * Prep. * Meet business . g::ﬁ:ﬁ:ﬁcaﬂon
requirements afresuis
B |Data Science needs (. S : )
: Data scientists can be invaluable in
better understanding of: generating insights, especially from
— User-computer interaction "big data;" but their unique
_ Collaborative behavior combination of technical and business

skills, fogether with their heightened
demand, makes them difficult to find
or cultivate.”

— Workforce effectiveness
(Communication patterns

. J
] \ “Liberal Artist can become Data Scientist!” (%



#%9] R&D - Open Source 2t % xH

H Samsung has released F2FS for flash storage
to Linux open-source group

— Wandering tree problem mitigated by NAT(Node Address Table)
— Cleaning O/H reduced by background cleaning, hot/cold separation, adaptive logging

35
Fixed location w/locality Multiple logs

P o 30 - I0zone }
sftc J 2 25
Fod E N
S e y = 20 L
Dir Inode ‘g 15
i b=
Directory data 2 10 - i )
[--]
File Inode P is— \ 5 i
| ﬂ .
' H 1 - H 0 -
___________ FlzeEs i File data J; seq. Read seq. Write rand. Read rand. Write

Indirect M EXT4 30.753 17.066 5.06 4.15
Segmentlnfo Node : M F2FS 30.71 16.906 5.073 15.204
Table (SIT) ’ ‘ N
] .
1

Segment - 12000 5
Summary Used forcleaning i )
(SSA) 10000 . Bonnie++ >,
-Directnode blocks fordir  -Dir data
-Directnode blocks forfile -File data 800
-Indirart nnda hincke -Claanina data g [ | i

7

Greg Kroah-Hartman 0Octs 2012 - Publc

Sweet, a new Linux file system from ‘that is faster than existing ones
when running on flash storage devices, submnted in a clean, easy-to-apply manner.
This will be great for Android-based systems.
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B Thank you!

Thank Youl



