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We are in a data-centric world
Today all data must be stored, processed, analyzed & monetized

10X
GROWTH

Source: https://www.seagate.com/files/www-content/our-story/trends/files/Seagate-WP-DataAge2025-March-2017.pdf



Hot data

warm data

Cold data

Data is stored 

DELAY MORELESSCOST HIGHERLOWER
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Storage Trends

DELAY MORELESSCOST HIGHERLOWER

Trend 1 
Evolution of NAND

“working storage”
Higher Performance

Trend 2
New Non-NAND Media

“Bulk Storage”
lower cost & higher density 
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2X

2.5x
1.5x

2D MLC 3D MLC 3D TLC 3D TLC
Gen 2

7.5X Denser from 2D MLC - 3D TLC Gen 2Trend 1
Evolution of NAND

“Bulk Storage”
lower cost & higher density 

Source: Intel internal analysis of areal density of die sizes measured at Gb/mm2
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High Capacity Tradeoffs
Cost and density for endurance and performance
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SUPPORTING MULTIPLE 
SOLUTION STACKS

OEM Platform Innovation
Enterprise Datacenter SSD Form Factors (EDSFF) 

1PB IN 42u 1PB in 1U 
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Intel® 3D NAND SSD STAC-M3 Benchmarks

15 of 17 
world records as of 7/2017

1

1 - STAC-M3™ Benchmarks on a stack involving Kx Systems kdb+ 3.5 database running on a Lenovo ThinkSystem SR650 server containing 2 x Intel Xeon Platinum 8180 (“Skylake”) CPUs, 4 x Intel SSD P4600 (2.5-inch form
factor), and 2 x Intel P4500 SSD (HHHL form factor). SUT ID: KDB170703 - Appendix for more.

*Other names and brands may be claimed as the property of others.



Intel® Optane™ technology
Performance and Endurance for density and cost/GB

Trend 2
New Non-Nand Media

Latency

QoS Throughput
(IOPS)

“working storage”
Higher Performance 

& Endurance

Endurance

Intel® Confidential



Intel® Confidential

Intel® Optane™ SSD STAC-M3 Benchmarks

11 of 17 
world records

As of 10/2017

Up to 7.5x
lower latency

2

2

2 - STAC-M3™ Benchmarks on a stack involving Kx Systems kdb+ 3.5 database running on a Lenovo ThinkSystem SR650 server containing 2 x 28-core Intel Xeon Platinum 8180 (“Skylake”) CPUs and 6 x Intel SSD DC P4800X
(Optane) drives. SUT ID KDB171010. See appendix for more.

*Other names and brands may be claimed as the property of others.
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Challenges
Increasing capacity reduces endurance

Storage class memory cost per gigabyte

Hyper-converged architecture limitations



Cache to address challenges
Yesterday Future
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CPU

“APACHE
PASS”2D NAND

HDD

HDD

CPU

TODAY

INTEL® 
OPTANE™ 
SSDs

3D NAND

3D NAND

CPU

INTEL® 
OPTANE™ 
SSDs

3D NAND

3D NAND

CPU
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Intel® Optane™ SSDs In Cache

~10x
Performance

9X
TCO reduction

With VMware vSAN*

*Other names and brands may be claimed as the property of others.  Configuration information in the appendix

Yesterday

2D NAND

HDD

HDD

CPU

TODAY

INTEL® 
OPTANE™ 
SSDs

3D NAND

3D NAND

INTEL® XEON® 
SCALABLE 
PROCESSORS

4X
EFFICIENCY

3 – Not a STAC benchmark

3

3
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Intel® Optane™ SSDs
For low latency writes – StacStream*

* Tests conducted by Intel using STACstream tools currently in development. 
Results do not represent an official STAC Benchmark.

In-memory isn’t the only option
 For users fast passing to 

NAND SSDs or limiting total 
memory

 Performance traders looking 
for another option
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Move to Disaggregation

Log-based storage
 Better utilization of NVMe devices

 Lower latency and cost

Memory locality
 Dramatically increase memory with 

Intel® Optane™ SSDs

Targeting  high throughput for data intensive applications 
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More Incentive to Disaggregate Storage

Solarflare with Intel® Optane™ SSds

 Pointless to optimize the low 
latency network stack to storage in 
the past

 With sub 10us latency SSDs it is 
now worth optimizing

 Onload/SPDK complete user-space 
target implementation for both 
networking and storage
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Source: Solarflare benchmark was fio, Intel® Xeon® Gold 5122 CPU @ 3.60GHz, Intel® DC SSD P4600 2TB vs.
Intel® Optane™ SSD DC P4800X 750GB. Local - measures the performance of fio running on the same
machine as the storage. All other data points have fio running on one machine connected back to back using
40G Solarflare NICs.*Other names and brands may be claimed as the property of others.  



Future 
Possibilities



Connecting the dots…
Break the bottleneck with 

Intel® Optane™ SSDs! 
Store More with 3D NAND!
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appendix
1 - https://stacresearch.com/system/files/asset/files/STAC-M3%20Antuco%20audited%20-%20KDB170703%20-
%20v1.0.pdf

2 - https://stacresearch.com/system/files/asset/files/STAC-M3%20Audited%20Report%20-%20KDB171010.pdf

3 - When Comparing results from https://www.evaluatorgroup.com/document/evaluating-server-based-storage-
performance-enterprise-workloads to https://www.intel.com/content/www/us/en/storage/evaluator-group-storage-
paper.html. 

 Previous configuration: Storage media: 1 x P3700 + 4 x Seagate 1TB 10K HDD, Performance: 80 IOmark-VM-HC, 
Price/Performance: $2048 / IOmark-VM-HC

 Current configuration: Storage media: 2 x P4800X SSD + 4 x P4500 4TB SSD, Performance: 800 IOmark-VM-HC, 
Price/Performance: $237 / IOmark-VM-HC

https://stacresearch.com/system/files/asset/files/STAC-M3 Antuco audited - KDB170703 - v1.0.pdf
https://stacresearch.com/system/files/asset/files/STAC-M3 Audited Report - KDB171010.pdf
https://www.evaluatorgroup.com/document/evaluating-server-based-storage-performance-enterprise-workloads
https://www.intel.com/content/www/us/en/storage/evaluator-group-storage-paper.html
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Legal Disclaimer
Intel may make changes to specifications and product descriptions at any time, without notice. Designers must not rely on the absence or characteristics of any features or 
instructions  marked "reserved" or "undefined". Intel reserves these for future definition and shall have no responsibility whatsoever for conflicts or incompatibilities arising 
from future changes to them.  The information here is subject to change without notice. Do not finalize a design with this information.

The products described in this document 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.

Intel technologies’ features and benefits depend on system configuration and may require enabled hardware, software or service activation. Performance varies 
depending on system  configuration. No computer system can be absolutely secure. Check with your system manufacturer or retailer or learn more at intel.com.

Intel disclaims all express and implied warranties, including without limitation, the implied warranties of merchantability, fitness for a particular purpose, and non-
infringement, as well as any warranty arising from course of performance, course of dealing, or usage in trade.

Benchmark results were obtained prior to implementation of recent software patches and firmware updates intended to address exploits referred to as "Spectre" and 
"Meltdown". Implementation of these updates may make these results inapplicable to your device or system.

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.

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.

Intel does not control or audit the design or implementation of third party benchmark data or Web sites referenced in this document. Intel encourages all of its customers 
to visit the  referenced Web sites or others where similar performance benchmark data are reported and confirm whether the referenced benchmark data are accurate and 
reflect performance of  systems available for purchase.

Intel, the Intel logo, Intel® 3D Xpoint, Intel Core, Intel Optane , Xeon, and others are trademarks of Intel Corporation in the U.S. and/or other countries.

© 2018 Intel Corporation. All rights reserved.

*Other names and brands may be claimed as the property of others.


