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“ Ideally one would desire an indefinitely large
memory capacity such that any particular ...
word would be immediately available. ...

It does not seem possible physically to

achieve such a capacity. We are therefore forced
to recognize the possibility of constructing a
hierarchy of memories, each of which has
greater capacity than the preceding but

which is less quickly accessible.”

Preliminary Discussion of the Logical Design

of an Electronic Computing Instrument
Arthur Burks, Herman Goldstine and John von Neumann, 1946
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MEMORY AND STORAGE HIERARCHY

The Past 40 Years ...
The Performance Problem Grows Bigger Over Time
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comparisons of latency, density and write cycling metrics amongst memory technologies recorded on published specifications of
inst internal Intel specifications.




MEMORY AND STORAGE HIERARCHY

The Past 40 Years ...
NAND SSDs Help Alleviate The Gap In The Hierarchy
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re based on comparisons of latency, density and write cycling metrics amongst memory technologies recorded on published specifications of
cts against internal Intel specifications.



THE EXPLOSION OF DATA

Requires Technology To Perform Random Data Access,
Low Queue Depth and Cache Line Size Optimally

Many Industries Are Seeking the “ldeal Memory”
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INTEL AND MICRON BRING

ANEW CLASS OF STORAGE AND MEMORY

3D XPont™

TECHNOLOGY



3D XPoint™ TECHNOLOGY

In Pursuit of Large Memory Capacity ... Word Access ... Immediately Available ...

Word (Cache Line)

Crosspoint Structure

Selectors allow dense packing
and individual access to bits

Large Memory Capacityi |

Crosspoint & Scalable
Memory layers can be stacked
ina 3D manner

NVM Breakthrough

Material Advances
Compatible switch and
memory cell materials

Immediately Available

High Performance Cell and
array architecture that can
switch states 1000x faster
than NAND

intel)



30 XPoivt™ TECHNOLOGY

sram o STORAGE

Size of Data: 1X

Latency: ~10X L.
Size of Data: ~100x 3D XPoint
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Size of Data: ~1,000X

NAND
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HDD
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intel

comparisons of latency, density and write cycling metrics amongst memory technologies recorded on published specifications of @_3
inst internal Intel specifications.



30 XPoint™ TECHNOLOGY
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. NVMeWITH 3D XPor™ TECHNOLOGY

10,000 -— ———————————————— —_ -

SSD NAND technology offers ~100X reduction
in latency versus HDD

NVMe™ eliminates ~20 us of latency today

3D XPoint™ technology reduces NVM latency
offering ~10x reduction in latency vs NAND SSD

|:| Drive Latency |:| Controller Latency |:| Software Latency
HDD SSD NAND  SSD NAND SSD 3D XPoint™ (ie. SAS HBA)

+SAS/SATA  +SAS/SATA +NVMe™ +NVMe™

Source: Storage Technologies Group, Intel

claims are based on comparisons of latency, density and write cycling metrics amongst memory technologies recorded on published specifications of
roducts against internal Intel specifications.



INTEL" OPTANE ™ TECHNOLOGY

All SSD Form Factors GAMING EXAMPLE
Based on 3D XPOintTM Memory NVMe™ SSDs With Optane™ Technology Deliver

an Immersive, Truly Open World With
Uninterrupted Game Play

U.2 2.5in.




30 XPoivt™ TECHNOLOGY

Breaks The Memory Storage Barrier

SRAM

Latency: 1X
Size of Data: 1X

DRAM

Latency: ~10X
Size of Data: ~100X

3D XPoint ™

Latency: ~100X
Size of Data: ~1,000X

NAND SSD

Latency: ~100,000X
Size of Data: ~1,000X

s against internal Intel specifications.

sed on comparisons of latency, density and write cycling metrics amongst memory technologies recorded on published specifications of

HDD

Latency: ~10 MillionX
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INTEL DIMMs

Based on 3D XPoint™ Technology

INTEL DIMM
DDRA4 electrical & physical compatible (el e S IR
Technology)
Supported on next generation
Intel® Xeon® platform
Up to 4X system memory capacity, at Future Xeon®
significantly lower cost than DRAM Processor
Can deliver big memory benefits without

modifications to OS or applications

DDR4 DIMM

(acts as write-back cache)

(intel‘



3D XPoint™ TECHNOLOGY

WHAT WILL YOU DO WITHT?
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LEGAL NOTICES AND DISCLAIMERS

Intel technologies’ features and benefits depend on system configuration and may require enabled hardware, software or service activation. Learn more at intel.com,
or from the OEM or retailer.

No computer system can be absolutely secure.

Tests document performance of components on a particular test, in specific systems. Differences in hardware, software, or configuration will affect actual
performance. Consult other sources of information to evaluate performance as you consider your purchase. For more complete information about performance and
benchmark results, visit http://www.intel.com/performance.

Cost reduction scenarios described are intended as examples of how a given Intel-based product, in the specified circumstances and configurations, may affect
future costs and provide cost savings. Circumstances will vary. Intel does not guarantee any costs or cost reduction.

This document contains information on products, services and/or processes in development. All information provided here is subject to change without notice.
Contact your Intel representative to obtain the latest forecast, schedule, specifications and roadmaps.

Statements in this document that refer to Intel's plans and expectations for the quarter, the year, and the future, are forward-looking statements that involve a
number of risks and uncertainties. A detailed discussion of the factors that could affect Intel’s results and plans is included in Intel’s SEC filings, including the annual
report on Form 10-K.

The products described may contain design defects or errors known as errata which may cause the product to deviate from published specifications. Current
characterized errata are available on request.

No license (express or implied, by estoppel or otherwise) to any intellectual property rights is granted by this document.

Intel does not control or audit third-party benchmark data or the web sites referenced in this document. You should visit the referenced web site and confirm
whether referenced data are accurate.

Intel, 3D XPoint, Optane, Xeon and the Intel logo are trademarks of Intel Corporation in the United States and other countries.
*Other names and brands may be claimed as the property of others.
© 2015 Intel Corporation.


http://www.intel.com/performance

RISK FACTORS

The above statements and any others in this document that refer to plans and expectations for the second quarter, the year and the future are forward-
looking statements that involve a number of risks and uncertainties. Words such as "anticipates," "expects," "intends," "plans," "believes," "seeks," "estimates,"
"may," "will," "should" and their variations identify forward-looking statements. Statements that refer to or are based on projections, uncertain events or
assumptions also identify forward-looking statements. Many factors could affect Intel's actual results, and variances from Intel's current expectations
regarding such factors could cause actual results to differ materially from those expressed in these forward-looking statements. Intel presently considers
the following to be important factors that could cause actual results to differ materially from the company's expectations. Demand for Intel's products is
highly variable and could differ from expectations due to factors including changes in business and economic conditions; consumer confidence or income
levels; the introduction, availability and market acceptance of Intel's products, products used together with Intel products and competitors' products;
competitive and pricing pressures, including actions taken by competitors; supply constraints and other disruptions affecting customers; changes in
customer order patterns including order cancellations; and changes in the level of inventory at customers. Intel's gross margin percentage could vary
significantly from expectations based on capacity utilization; variations in inventory valuation, including variations related to the timing of qualifying
products for sale; changes in revenue levels; segment product mix; the timing and execution of the manufacturing ramp and associated costs; excess or
obsolete inventory; changes in unit costs; defects or disruptions in the supply of materials or resources; and product manufacturing quality/yields. Variations
in gross margin may also be caused by the timing of Intel product introductions and related expenses, including marketing expenses, and Intel's ability to
respond quickly to technological developments and to introduce new producﬁ or incorporate new features into existing products, which may result in
restructuring and asset impairment charges. Intel's results could be affected by adverse economic, social, political and physical/infrastructure conditions in
countries where Intel, its customers or its suppliers operate, including military conflict and other security risks, natural disasters, infrastructure disruptions,
health concerns and fluctuations in currency exchange rates. Results may also be affected by the formal or informal imposition by countries of new or
revised export and/or import and doing-business regulations, which could be changed without prior notice. Intel operates in highly competitive industries
and its operations have high costs that are either fixed or difficult to reduce in the short term. The amount, timing and execution of Intel's stock repurchase
program could be affected by changes in Intel's priorities for the use of cash, such as operational spending, capital spending, acquisitions, and as a result of
changes to Intel's cash flows or changes in tax laws. Product defects or errata (deviations from published specifications) may adversely impact our expenses,
revenues and reputation. Intel's results could be affected by litigation or regulatory matters involving intellectual property, stockholder, consumer, antitrust,
disclosure and other issues. An unfavorable ruling could include monetary damages or an injunction prohibiting Intel from manufacturing or selling one or
more products, precluding particular business practices, impacting Intel's ability to design its products, or requiring other remedies such as compulsory
licensing of intellectual property. Intel's results may be affected by the timing of closing of acquisitions, divestitures and other significant transactions. A
detailed discussion of these and other factors that could affect Intel's results is included in Intel's SEC filings, including the company's most recent reports
on Form 10-Q, Form 10-K and earnings release.
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