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Biological Machines

Neurons

Think:      Brains

Hear:         Ears

See:         Eyes

Move:         Legs

Learn:    Schools      

Disruption

Evolution

Human Goals
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Artificial Machines

Transistors

Computers

Microphones

Cameras

Robots

Machine Learning

Cars, Healthcare

Design
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Neurons vs.  Transistors

Size:               20um                     

Speed:           1kHz               

Brain:           100bn                      

Connections:  100tr

20nm         1000x

1GHZ        1,000,000x 

10bn          1/10x

Internet: 1bn hosts

20bn IOT connected



Soma

Dendrites

Axons with myelin 

sheaths

Synapses

Voltage gated Ion 

channels

Hodgekin-Huxley 

model

Neurons



• Source, Gate, Drain

• Simple, uniform

• Universal building block:

• NAND GATE

Transistors



Think



Capacity:

10 to 100TB

Processing power:

10Peta-1ExaFLOPS

Power consumption:

20W

Connections: 100tr

500TB                     5x

125TeraFLOPS:  1000x

200kW           10,000x

Memory 512GB

1g

Brains   vs.   Computers

IPU Intelligent Processing Unit



Neural Networks



• MRI picture from Oxford

• 200 different brain regions

• 461 people

Human Connectome





IPU

(Intelligent Processing Unit)

• Graphcore

• 7,000 processors

• 350MB RAM

• largest chip in the world: inch a side

• BSP: Bulk Synchronisation Protocol



CPU = Scalar
Designed for office apps

Evolved for the web

GPU = Vector
Designed for graphics

Evolved for HPC

IPU = Graph
Designed for intelligence

The future of all computing

CONFIDENTIAL

A new type of processor is required 
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Hear



Frequency:

20-20kHz

Loudness:

0 to 120dB

Sound localisation:

5deg

20-20kHz

10 to 120dB

5 deg

Ears vs   Microphones
Hear



• Amazon Echo

• Software from EVI

• Xmos working on best HW solution

• Hearing people across a crowded room

• Voice recognition across a room

Beam forming Microphone



See





• At least 100k webcams

• Autonomous vehicles will need 6 to 16

• Connected cars will get info from cars in 

front and CCTV

Many Cameras



Self-driving car

https://youtu.be/VG68SKoG7vE


And use inverse planning to 
maintain beliefs around possible 
paths
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Convolutional Neural Networks



Move



• Boston Dynamics

• Handle

Legs vs. Robots

https://youtu.be/-7xvqQeoA8c


Artificial Intelligence



AlphaGo

Move 37 in game 2 Move 78 in game 4



Probablility and ML

• NOT 0s and 1s but P for Probability

• NOT deterministic but STATISTICAL

• NOT programming but TEACHING

• Needs Big Data

• Needs (Human) GOALS

• Genie Problem



Disruption



ARM Business model

Intel ARM

Customer Dell,HP Samsung,Apple

Chipfab Intel TSMC+450

Design Intel ARM

Intellectual 

Property
Intel ARM



ML effect on Pharma 

Today With ML

Customer Patient Healthy person

Provider Doctor/hospital e-Health

Supplier Pharma
Personalised 

Advice

Components Drugs Data



Trillion $ Opportunity

• US spends $3tr on Healthcare

• Treating ill people:         70% 

• Keeping them healthy:   30%

• Expected to change to 50:50 in 5 yrs



Evolution vs DesignEvolution vs. Design



USA China

Europe









4 Key Innovations

• AI & ML

• Blockchain + Smart Contracts

• Synthetic Biology

• Quantum Computing
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Funding (1)
Empower the Innovator, Simplify, Incentivise Private Investment

1) Simplify current schemes into a small set of “EIC Awards” (grants and other

forms of funding) supporting the emergence and the scaling up of

breakthrough market-creating innovation

2) Enable grants, loans and equity investments to be awarded in combination



USA China

Europe



•Humanity has a new partner:

• Intelligent Machines

•How to co-evolve with them?

Conclusion


