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Gartner Says In-Memory Computing Is Racing Towards Mainstream
Adoption

In-Memory Data Grid Market to Reacri $1 Billion by 2016 I Gartner 2013-%'5%51\5)”\']

Gartner 20158550
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® |TRS (International Technology Roadmap for Semiconductors: [E

fRFE SR ARIEE) Projection

; STT-

Memristor | PCM RAM DRAM Flash
Chi bit
{ Fl;'“ SR 4 816 6-8 4-8
Energy per bit (pl)* | 0.1-3 2-100 0.1-1 2—4
Read time (ns) <10 20-70 10-30 10-50
\Write time (ns) 2030 50-500 13-95 10-50
Retention >10 years <10 years ~10 years
Endurance (cycles) | ~10% 10°-10° 10% S
3D capability Yes Yes

HD

n/a

~10 years
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Intel-Micron 3D XPoint Technology

3D XPoint™ Technology:
An Innovative, High-Density Design

Stackable

Thase thin layers of memory can ba
SERcEed] T Turthéd Bodst demtimy

Cross Point Structure

Parpandicular wires connect submicroscopic
T AP IR e RS e oy Sl car e

addressed by cedectingiTs o and Dot m wire.

Selector

Wiarpas DRAM recplires § TrRdsstor
at mach memory cell—makmg it big
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Non-Volatile
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High Endurance
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Intel Non-Volatile Memory Solutions

Intel” Optape™ Memory
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Intel Non-Volatile Memory Solutions

Apache Pass Overview

Flexible, Usage Specific Partitions
(3D XPoint™ based Memory Module for the Data Center)

-

DDR4 DRAM®

=128, 256, 512GB

Apache Pass I'

’— DIMM Capacity

= 2400MT/sec

‘- Platform Capacity [

=6TB [E'TE per EFU} " CIMM pipuianon shown 3580 oxamgle any
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HP: The Machine
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HP: The Machine
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SNIA NVM Programming TWG

- Members

EMC, Fujitsu, Fusion-io, HP, HGST, Inphi, Intel,
Intuitive Cognition Consulting, LS|, Microsoft, NetApp,
PMC-Sierra, Qlogic, Red Hat, Samsung, Seagate,
Sony, Symantec, Viking, Virident, VMware

Calypso Systems, Cisco, Contour Asset
Management, Dell, FalconStor, Hitachi, Huawei, IBM,

IDT, Marvell, Micron, NEC, OC/Z, Oracle, SanDisk,
Tata Consultancy Services, Toshiba



SNIA NVM Programming Model v1.2

P
SNIA

Advancing storage &
informaticn technology

NVM Programming Model (NPM)

Version 1.2

Ahedracl Tivg SATA declemant cefmas camrnanded’ belaior fov ol supaating o
Vil Mammony (VM)

Thig doduman has Deen rededsed Sl approansd By e SNIA. Tha SR baliaves Tl he daas
methodologies and iechnaloges desoribad i this document accurately represent the SkiA goals

and are apprpriata For widsapres:d distrbuton. Suggestion for evissn ahculd Ge Smecled o
tritpeiwwes snia o ifeedback!.

SNIA Technical Position

June 18, 2017




Two NVM Programming Modes Overview

Application

MV FILE mode
User space
Kernel jpas

NVM.BLOCK mode

Application

1
Mathes |
A

”
FINAARARAINANASSARAN,

File system

[

v
AR RS RS

MW Black capable delver
v device MV device
Application
Pkakbee film Laad) 1.
LIer s piie AP store |
________________________________________________________________ [oe-e-
o NVM.PM.FILE mode
WVAARAAMAAANAS '*'}:‘*"-"f'
AL

PM-aware kernel module | PM-aware file system ,f_,m,;m

NVM.PMVOLUME mode I i
VAR |
NVM PM capable driver |

PM device PM device PM device

PM device
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« Limited endurance - Wearout attacks
Better architecting of memory chips to absorb writes
Hybrid memory system management
Online wearout attack detection

* Non-volatility - Data persists in memory after powerdown
-> Easy retrieval of privileged or private information
Efficient encryption/decryption of whole main memory
Hybrid memory system management

* Multiple bits per cell = Information leakage (via side channel)
System design to hide side channel information
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