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The Future of Our World

The Future IS never the same as Tode

Otherwise, it wouldn't be the future



The Future of Our World

People don't like to change

That Is the reason
they like to know the future



The Future of Our World

The future IS never real,
but always imagination

Imagine the future is virtual



The Future of Our World

Imagineering Is designing the future

That I1s why Science and Industry mee



Agenda

1) Converdging Units into one Entity
2) ICT keeps changing the world
3) Robots and Nano Agents

4) Imagine the 3D mouth

5) DIY Dentistry

6) The Dentist as a Spin Doctor
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Technology transfer (1)

Looking to the synergy of bits and genes..
such as DNA
of nano and chemical composition...
Such as an organism



Technology transfer (2)

Scientists Create Biomolecular Computing
Device with Bacterial Phenotype Output

The output 1Dlueor white E coli microbe,
Just like the 0 and 1 of a computer chip.

Ref : NA Programmabl e BI
Machi ne with Bacteri a
ChemBioChem, Volume 8, Issue 11, pages 1255
1260, July 23, 2007



Technology transfer (3)

Synthetic gene networks can be construc
to emulate digital circuits and devices, givi
one the ability to program and design cel
with some of the principles of modern
computing, such as counting.

Ref: Synthetic Gene Networks That Count, Ari E.
Friedland et al, Science 29 May 20009:
Vol. 324 no. 5931 pp. 1199202



Technology transfer (3)

By linking a series of protein switches, eel
level counters coordinate complex sets c
genetic instructions running on biomolecul
machines, from diseasrinting cells to
intracellular computing networks. (...)
This could change DNA

Ref: Wired Science May 28, 2009



Cultivated and synthetic organs

Cultivated natural
teeth will take over
the metal implants
In about 69 years.

Synthetic gingiva
will support in gum
restoration




Upgrade to organlc CPU

n. .. Bi omol ecul ar c
ever compete with their electronic
counterparts by offering greater
computation speed, fidelity and power or
perf ormance 1 n trad

Israelian Biotechnology scientist



Cure by cell-destroying proteins

~S

N B-un Kill stvitches for engineered
organisms released into human bodie
or the environment. The DNA switch
could be coupled to light and dark
cycles, so that after three or five or 1C
days, It woul d |

James Collins. Science, Vol 324 Issue 5931, May 20



Drag and drop your DNA

NWe cut and
biomolecular components into
genetic circuits, just as an
electronic engineer uses a
soldering gun to put together
electronic components on a

Clrcuilt Dboas

Boston Univ. Biomedical engineer




Cure your patient by computer

NWe compl etely re
a bacterial cell with one from another
species by transplanting a whole
genome as naked D




Technology transfer  (4)

Already started a new evolution In the
merge of bits, genes, atoms and
neurons.

They will converge into 1 hybrid entity.



The Future of Our World

Converging technology into 1 unit
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Paradigms of growth and changé

|_|near Linear

Economic, demographic, life span
phenomena

Tivo wedge: sustainable new category

Exponential

Technology: processors, memory, storage,
communications, iPhone applications

Discontinuous

Plane, car, radio, wars, radar, nuclear
weapons, satellites, computers, Internet,
globalization
Impossible to predict
Rapid transition time and doubling
capability
Adjacent technology advances

Exponential

Discontinuous



Extensi bi | |

Transistors per Chip

Transistors per Microprocessor

Logarithmic Plot
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Doubling time: 2 years Year
Source: Ray Kurzweil, http://www.KurzweilAl.net/pps/ACC2005/



Evolution of computing

A 32 nm 2009 > 22 nm 2011, molecular manufacturing needed for 10 nm

1Nanotechnology Eras

65 nm 2009
45 nm Generation

0.

16 nm

11 nm
8 nm

micron 0.01

Evolutionary Révolutionary
CMOS CMOS Exotic

2003, M.Bohr

Sources: ITRS Semiconductor Roadmap, http://download.intel.com/technology/silicon/Paolo_Semicon_West_071904.pdf,
http://www.intel.com/technology/architecture-silicon/32nm/index.htm,
http://www.siliconvalleysleuth.com/2007/01/a_look_inside_i.html

Ref: CC Melanie Swan , MS Futures Group


http://www.siliconvalleysleuth.com/2007/01/a_look_inside_i.html

Future of computing
125...}
Traditional model Current model extensibility %

Linear, Von New
Neumann materials 3D chip
stacking
Molecular
Novel models electronics Solar
transistors
Parallel :
Cloud, grid - :
Biological models
DNA

Cellular
colonies

w Optical
computing

Cell

oroscbend P iqui
J computer

Bacterial
intelligence

New
paradigm

Ref: CC Melanie Swan , MS Futures Group d iSCOVGr




Tool complexity growing

Contemporary lab tools increasingly dependent on software
Analytic layer for modeling, simulation, statistics, informatics

Software: analytics

Software: operating

Hardware

Scanning tunneling electron Mass spectrometer
microscope

Allen array telescope Gas Protein Flow cytometer
chromatograph crystallographer

Ref: CC Melanie Swan , MS Futures Group



What might be the next step?

Affordable ?ﬁé'{:&'gg
Space Artificial

Mobile launch e Molecular
applications intelligence nanotechnology

Personalized

Synthetic medicine Brain-
: Body networks
biology . computer Y

Alternative Robotics Interfaces _
energy New DNA computing

computing .
Virtual models 3D printing,
environments fabbing

—

Ref: CC Melanie Swan , MS Futures Group

Nano agents



Biology evolves from art to
Information science to
engineering problem

A Genomics , ,
, _ Moore’s law and Carlson’s curve
A DNA SequenC|ng Productivity improvements in DNA sequencing
- .. and synthesis, compared with Moore’s law
A DNA Synthesizing Oct 2002, Log scale
A Vari ation: SNPS === |ransistors per chip (Moore's [aw)
Sequencng Synthesising

A Proteomicomi o3 & RN N.

BT copuiancers

A S T A
Fyrosequencing” Eaea benawnia

Variation: SNP DNA Synthesizer

Sources: http://www.economist.com/background/displaystory.cim?story_id=7854314,
http://www.molsci.org/%7Ercarlson/Carlson_Pace_and_Prolif.pdf

Ref: CC Melanie Swan , MS Futures Group



Life sciences advances

Personalized medicine

Direct-to-consumer patient empowerment
Genomic testing

Health social networks g= _
. . . A - saplph']rg_b__lue66 See profile
Niche physicians :E ,_

Synthetic biology 1 ﬂygdp

Model, simulate, build

5

Health social networks Personalized medicine

; Registry of Standard
¥~ qM Biological Parts

egistry Tools
ods - 39 3 part
iF et

& Measiremer
Users & Groups D

Help &

Documentation

SimTK.org PartsRegistry.org IGEM competition



Aging is a multidisciplinary pathology
Aubrey de Grey: Strategies for
Engineered Negligible Senescence

(S E N S) The Methuselah Foundation

< . . . . R ht irand

A Nucleic and mitochondrial mutations e dfrﬁggg'éﬁ ggirrlzverse

A Intracellular and extracellular junk

A Cell loss and senescence U.S. Life Expectancy, 18501 2050e

A Extracellular crosslinks 90 . 77 o
. . 80

Solutions and escape velocity o

4 . . 60 50

A Mutation anti-suppressors 50 39

A Bioremediation i

A Cell strengthening 20

Real age estimation tests o w w w x \

1850 1900 1950 2000 2050
http://www.realage.com B Source: http://www.infoplease.com/ipa/A0005140.html

http://gosset.wharton.upenn.edu/mortality/perl/CalcForm.html B Source: http://earthtrends.wri.org/text/population-health/variable-379.html

Ref: CC Melanie Swan , MS Futures Group



Molecular nanotechnology

A 3D atomically precise placement

A Scale
A Human hair: 80,000 nm
A Limit of human vision: 10,000 nm
A Virus: 50 nm, DNA: 2 nm
A Atom 0.1 nm

A Energy applications

A Tools, mechanosynthesis
validation needed

A Mills, motors
A Microscopy

Molecular scaffold

Images: http://www.imm.org, http://www.rfreitas.com,
http://www.foresight.org, http://www.e-drexler.org

Scanning tunneling Molecular synthesizer
Ref: CC Melanie Swan , MS Futures Group electron microscope
MEMS ratchet




Arms race for the future of

Intelligence
D e E—

Machine

Human Pt

IBM Roadrunner 1 petaflop/s (>1,000 trillion IPS)
and 80 TB memory!

Unlimited operational/build knowledge

Quick upgrade cycles: performance capability
doubling every 18 months

Linear, Von Neumann architecture
Understands rigid language

Special purpose problem solving (Deep Blue,
Chinook, ATMs, fraud detection)

Metal chassis, easy to backup

An estimated 20,000 trillion IPS and 1,000
TB memory?

Limited operational/build knowledge

Slow upgrade cycles: 10,000 year
evolutionary adaptations

Massively parallel architecture
Understands flexible, fuzzy language

General purpose problem solving, works well
in new situations

Nucleotide chassis, no backup possible

2Source: http://paula.univ.gda.pl/~dokgrk/bre01.html
Ref. CC Melanie Swan , MS Futures Group

1Source: Top 500, June 2008, http://www.top500.0rg/lists/2008/06, http://www.top500.0rg/system/8968,
http://www.crn.com/hardware/208403186




Status of intelligence research % g4

Whole brain emulation (IBM, Oxford)
Neuroimaging tissue volumes
Brain-computer interfaces
Robotics

Artificial intelligence
(Narrow) DARPA, corporate
(Strong) startups

Leonardo Emotiv brain computer interface
gaming helmet

Ref: CC Melanie Swan , MS Futures Group
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Whole Brain Emulation

A Roadr

Mouse brain block and cortex slice
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Physics and space

Physics
Space commercialization
SpaceX
Armadillo Aerospace
Google Lunar X Prize
Virgin Galactic
Space elevator

Armadillo
Aerospace

Google Lunar X Prize Space Elevator and Climber Competition SpaceX

Virgin Galactic Ref: CC Melanie Swan , MS Futures Group



Virtual environments

Data visualization, simulation and 3D data display

Reality capture A ,.
Virtualization of environment "

Virtual worlds
ARnSeriouso platr aocrg|e rth
Teleconferencing
Green data centers
All training

Heads-up Display Data Overlay Blended Reality Conference

Wild Divine NTTos Aro '
Display | BM6s Vi rt udaAXANKDaffic Data 3D Stock Charts

Ref: CC Melanie Swan , MS Futures Group



There 1 S no

In past nomads in the desert searched for an wet
oasis to camp. Today they settle around a cell
phone tower. They prefer to be virtual connected.
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Virtual practice
Serious games for training

4333733 J3

Virtual Dental
Implant
Training (VDIT)



Virtual practice
Serious games for training

Dental Serious Games with 3D Touch

[l UIC PerioSim

Mouth
Upper Gums ¢ Haptics

Transparenc Y

Instruments
Gracey Curette

Playback |







Examples
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The window can be switched to a screen for live
streaming video and can involve you in the world.
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Robots are already everywhere { &

1425
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WS

from home to health, from care to cure




Robots and Nano Agents

Robots will enter regular dentistry
First used for micro drilling

The dentist will transform to a dental

engineer who Is remotely managing the
Instruments In the mouth

Laser and waterjet will evolve



No barriers to more robots

from home to health, from care to cure

Robots will be smaller and more sophisticated.
They will integrate and embed in society.

New generation of nano robots (bot agents)
Next generation of organic robots

The discussion about robots in health will be ethic
and legal: weilike to be killed by a humano



In other industries the robot is accepted as a very
precise, imperturbable, and tireless human help.
It is embedded in procedures and safety rules.

In the domestic environment, the robot is cautious
accepted with a comfortable interaction with both
the user and client.

Making a business model with return of investments
will help to convince the sponsors. Managing the
expectations of the &6con:



L
=)
-
o
=
O
QP
&)
-
)
&)
=
(@)
©
£



Imagine the 3D mouth



Imagine the 3D mouth




Imagine the 3D mouth
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The next generation
dentist WI|| join a local

advanced imaging
~ eguipment to have an
iL84)> augmented 3D image of
the patient's mouth




Military Industry brings interface




Publishers bring flexible screens




Entertainment Industry brings
Interaction and multitasking

.




Information Industry pushes the
augmented reality




Rehabilitation Industry designs the
perfect dentist arm
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The Result of Synergy |

The dentist sees a 3D image of the
mouth, augmented with all pathologica
historical and actual information, and
relevant similar cases
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Your teeth as a brand

Like fashion, teeth will be an important
part of your personality and "nage.
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Your teeth as emotion

Smile = Power = Progress = Success
INn Job hunting, trade deals, sex, electio
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A bright smile sells

Teeth as a personal brand, as a sellin
Instrument, as a money maker.

New generations will focus on 'looking
bright' and want invisible restoration.
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