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Characteristics of the Human
Brain

dendrites
l \ axon terminals

cell body

The brain has about 100 billion neurons and
1,000 billion glial cells (support cells).

vesicles

Neurons make about 100 trillion
connections (massively parallel)

We know that different areas of
the brain function differently,
but the brain, as an arrangement
of cells is uniform.

dendrite

How do we know
about brain
function?
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Questions

Can a computer be designed to think like a human?

Can we imagine a machine with
“non - biological intelligence”
or

Artificial General Intelligence?

To push the questions to an extreme:

Can a computer develop consciousness?

Exploring these questions about the
Man - Machine interface
and
Artificial General Intelligence

Sheds light on what it means to be human.

At the present rate of progress, it is almost
impossible to imagine any technical feat that
cannot be achieved - if it can be achieved at
all - within the next few hundred years.
Arthur C. Clarke

What Makes Us Human? onat

The DNA blueprints of humans are nearly 99%
the same as those of the common chimpanzee.

" ... of the three billion letters that make up the
human genome, only 15 million of them - less than
1% - have changed in the six million years or so

since the human and chimp diverged.”
Pollard, K. S., "What makes us human?", Sci. Amer., May 2009, pp. 32-37..

These differences have been codified according
to their size

Human Accelerated Regions, HAR.
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What Makes Us Human? onaz

The first in this list,

HARI has been identified with the
formation of a healthy cerebral cortex -
the part of the brain that distinguishes
humans from animals.

The second,

HAR2, has been identified with changes in
bones in the wrist that led to opposable
thumbs.
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Evolution of the Brain

Neomammalian
(Cortex)

o= Reptilian

Paleomammalian

(limbic system)

What Makes Us Human? onas

Other distinctive DNA changes are associated
with processes that:

-allow formation of words by the mouth enabling
human speech,

-digestion of starch enabling humans to explore
novel foods (spaghetti gene),

-control brain size which enabled the human brain
to tripled in size,

-allow digestion of milk sugar enabling milk from
domestic animals to become a staple food.

We don't differ by much but the difference is
significant.

What Makes Us Human? eehavior1

The characteristics common to a normal human
child prescribe the basic capabilities of
“artificial general intelligence”, AGI:

1) The ability o recognize objects - at age 2

a child can recognize the category “"shoes” even
types of shoes they have not seen before, like
cleats, clogs,...

2) The ability to handle complex dialogue- at age
4 a child of can converse using complete
clauses, irregularities idioms etc.

Wha'l‘ MakeS US Human? Behavior 2

3) The ability to be manually dexterous - at age 6

a child can tie shoes, pick up difficult objects

4)The ability to understand social situations - at
age 8 a child has the ability to recognize what
others think, feel.

Rodney Brooks, Professor of Robotics at MIT

Conversely, Brooks has demonstrated that “if a
robot has a humanlike body, people will interact
with it in a humanlike way".

Evolution of Computer Power/ Cost BrainBower Equrivatent per

MIPS per $1000 (1997 Dollass) You are her‘e.l g
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From Ray Kurzweil
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Estimates of human computing power
From three techniques:

Computing Power
Computing Object computations per
second (cps)

1) extrapolating from the computing power of the
vision system,

2) creating functional simulations of regions of
the brain, IBM Blue (2006) 104

3) simulation of a part of the cerebellum,

) . Road Runner (2008) 1055
leads to a conservative estimate of
1016 ; 16
computations per second 1 LT B i
All human brains 1026

Memory capacity of the human brain = 10%3 bits
Memory needed to “upload” a human brain = 10% bits

In‘l’er‘nef Gr‘OW"'h Internet Users in the World

by Geographic Regions

The Internet started with one web page. asis R 10>
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Marshall McLuhan a communications futurist (1911-1980) Millions of Users
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World Internet Penetration Rates
by Geographic Regions
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and 1,668,870,408 estimated Internet users for June 30, 2009
Zopyright ® 2009, Miniwatts Marketing Group
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How would you know if a Computer Can

Techno Growth Reason Like a Human ?

As technology grows applications become The Turing Test:

more transparent A human judge engages in a natural

. language conversation with two other
. easier fo use. parties, one a human and the other
a machine: if the judge cannot
reliably tell which is which, then the

.. but harder fo anticipate its range of machine is said fo pass the test.
appllccmons. It is assumed that both the human
and the machine try to appear
human.
Where are we on the road to ThinkingAndLearningInConcert.org

conscious robots

1. At the human computer interface

2. Agile Robots

3. Social Robots ]

4. Knowledge systems - ﬁWolfranﬂipha
http://www.wolframalpha.com/

Interesting Web Sites
Ray Kurzweil -
http://singularity.com/

Hans Moravec -
http://www.fre.ri.cmu.edu/~hpm/

Vernor Vinge -
http://www-rohan.sdsu.edu/faculty/vinge/misc/

World Internet Statistics -
http://www.internetworldstats.com/stats.htm
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“Edith, Come here quick.”  H. Martin




