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| Moore’s Law
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Moore’s Law in action
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Process technology

A view from Intel from 2010
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| IBM 7nm transistors




| Memory evolution B

According to Samsung

[Normalized power consumption]

M 10 Power B Core Power
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Micron Hybrid Memory Cube
t

6x more bandwidth, 3x less power vs DDR4

Images: Micron
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Phase-change Memory
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| Memristors

voltage
v

Resistor
dv = Rdi

N
Ay

Inductor
do = Ldi

current
i
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Capacitor
dq = Cdv

Memristor
d® = Mdq

=

flux

]

Image: Wikipedia
28-0ct-15



MRAM/STT-MRAM

Conventional MRAM cell
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| Computers to
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e As “stupid” as 50 years

ago

Still based on the Von
Neumann architecture

Primitive, ancient
‘machine language’

Ferranti Mercury:

— Floating-point calculations:
Add: 3 cycles; Multiply: 5
cycles

Haswell FMA: 5 cycles
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| Von Neumann model

Central Processing Unit

Input
Device

Memory Unit
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Adapted from Wikipedia
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| Processors are still growing

More cores
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More data parallelism
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Spatial architectures

Triggered instructions

Fmm e mmmmmmeooo
if (incoming > cur) .
: send(cur); cur := incoming; ,
' else ,
: send(incoming); ,
I"""'/ """" I \'""‘I
5| 83| 32 PE 12 PE 141 ... PE
Cocur=27 1+ 1 ocur=17 + cur undef .

tlk- Future Computing Technology (1/3)

Adapted from IEEE Micro/MIT
28-0ct-15



Intel Xeon Phi

“Knights Landing” a.k.a. x200
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Top500

Accelerators

ACCELERATORS/CO-PROCESSORS
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Top500 El
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Top500

Projected Performance Development
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| Supercomputers
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Exascale

EDITION: ¥

mNet Q CENTRALEUROPE ~ MIDDLEEAST ~ SCANDINAVIA  AFRICA UK ITALY  SPAIN  MORE

Obama orders creation of exascale
supercomputer

Can the president's executive order prompt the development of computer systems capable
of running at 1 exaflops?

a By Charlie Osborne for Between the Lines | July 30, 2015 -- 07:56 GMT (08:56 BST) | Topic: Innovation

RELATED STORIES

Government : AU
Government launches first of five
AU$225m Growth Centres

Innovation
Ringly review: Handy little
messenger that passes as aring

Microsoft
Surface Book suffers from launch day
bugs

Big Data Analytics

Moaning about medicine on Twitter?
How those tweets could help
scientists

NEWSLETTERS
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Datacenters of the future

Submersion cooling
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Datacenters of the future

Submersion cooling

The Passive 2-Phase
Immersion Cooling Cycle

Vapor condenses on coil
or lid condenser

Fluid recirculates
passively to bath

Vapor rises to top

Heat generated on chip
and fluid turns into vapor

©2013 Copyright Allied Control, all rights reserved.

k- Future Computing Technology (1/3)

28-0Oct-15



Datacenters of the future

Climate change
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Datacenters of the future
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Image: Green Mountain
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Datacenters of the future

Silo...computing
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Datacenters of the future

Silo... computing

/J—\ Racks aligned in a
- / circle around a
—— : central hot core;

outside ring is a
cold aisle

Second floor contains
all compute racks +
core networking

= switches

First floor contains
file system &
infrastructure nodes
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Optical components

Light Source Guide Light Modulator

Photo-detection  Low-cost Assembly Intelligence

Optical fib gr -
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Electronics
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Silicon Photonics

Integrates Hybrid Silicon Lasers
With Modulators for data encoding
and a Multiplexer to put 4 optical
channels onto 1 fiber

hps/char

50Gbps
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o —— Amulti-layered graphene block

stores the information by capturing
the electric charge,

oo —

A layer of molybdenite channels electrons,
It is fitted with an ideal energy band gap
that makes it easy to switch the device
from a *0" to a "1" state, with

very low energy consumption.

The electrodes that transmit electricity
to the intermediate molybdenite layer

are composed of a single layer of graphene.

© EPFL / Pascal Coderay
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Biomolecular computing

Fig. 1. Directed graph. Whenv,, = 0 and v, = 6,
a unique Hamiltonian path exists: 0—1, 152,
2—3, 3—4, 4—5, 5—6.
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