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The New Normal: Compute IS not keeping up W|th data explosion

MICFOpI’OCQSSOI’S

107
Transislors
106 (thousands)
10°
Single-thread
Performance
10% (SpecINT)
Frequency
(MHz)
103
102 Nty "
Number of
101 Cores
100
1975 1980 1985 1990 1995 2000 2005 2010 2015
Data growth e
50 (Zettabytes)
44
45 »
40 Data nearly doubles every :
35 two years (2013-2020)
31.6 4
= - : ) 20 2
" I s—e_+ + K &
The end of scaling at |Just—the wr
20 &
158
( l_I 15 ’
79 &
8B + 20BH0 + 100B= + 1T[=1) -
. 44 5
o 5 18
people mobile deVICGS social infrastructure apps ) 03 17—

2006 2008 2010 2012 2014 2016 2018 2020



HPC and Big Data technology context and The Machine
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3 disruptive technologies to the rescue
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Disruption #1: Notvolatile memories

NVM and high speed memories are critical for extreme computing

Reaching the physical limits of charge storage
Non-Volatile memories i forms of memristor (Type 4)
A

PCRAM

RRAM

STTRAM

Slit

High resistance Low resistance
state state

Free Layer

Fixed layer

Technology Density Bandwidth Latency Latency Energy Energy
(um?/bit) (GB/s) Read (ns) Write (ns) | Read (pJ/b) | Write (pJ/b)
Hard Disk N/A 0.5 3,000,000 3,000,000 2500 2500
3D FI as h Flash SSD [3] [6] 0.0021 1.0 25.000 200,000 250 250
DRAM [6] [30] 0.0038 512 55 55 24 24 D RA M
PCRAM (22nm) [30] 0.0058 variable 48 150 2 19.2
Memristor (22nm) [8] 0.0048 variable 100 100 1-3 1-3




Thememristor: 4thfundamentalcuircuitelement

Reduced to practice 2008
R. Stanley Williams
HP Laboratories
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Disruption #2 Photonlcs

FLOPS will cost less
power than on-chip
data movement

Photonics @'%'@
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