


The Brain: The Center of Attraction
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Fig. 1.4. Diagram showing the visual pathway from the retina to the visual
cortex via the optic nerve. (Picture from http://thebrain.mcgill.ca)

The visual cortex has two functionally specialized processing path-
ways, namely, the occipitotemporal pathway (also known as the ven-
tral stream or “what” stream) and the occipitopariental pathway (also
known as the dorsal stream or “where” stream). The occipitotempo-
ral pathway is crucial for object identification while the occipitopari-
ental pathway is crucial for appreciating the spatial relationships
among objects (Ungerleider and Haxby, 1994 ). Hence, a patient who
has a lesion on the occipitopariental pathway (but with the occipi-
totemporal pathway functioning normally), it presented with a pencil
horizontally, will recognize that it is a pencil, but will not be able to
describe the orientation or grasp the pencil in the correct orientation.

Other examples of specific functional areas are:

e The hippocampus (Fig. 1.3), located on the temporal lobe of
the brain, plays an important role in the formation of declara-
tive memory and spatial navigation. Hence, if one has a lesion
on the hippocampus, one may not be able to remember a new
event that has just happened a few minutes ago. He may annoy
everyone by forgetting what was discussed just a moment ago.
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The ability of the brain to rewire itself suggests that:

¢ Biologically neural cortical columns in different sensory are, in
general, functionally similar in their neural cell type and laminar
structure.

e There exist adaptive or learning mechanisms across the cor-
tex. The ability to learn is due to the plasticity of the brain. The
brain is plastic in the sense that it can reorganize the neural
pathway based on new stimuli or experiences.

With exposure, experiences, or activities from different modali-
ties (sensory systems), the neural cortical columns learn and
develop different functional mechanisms and properties.

However, the brain in early development starts to partition and
form specific pathways for specific functions and regions. Although
the pathways can be rewired for other modalities input, it is not
as efficient due to the early stage of the pathway development and
properties. Genes probably dictate the overall framework or archi-
tecture of the brain and the basis columar organization structure of
the neocortex. The details of the columar organization are “filled-
in” by the environment or external stimuli. To illustrate further,
genes are the chief architects that decide all the regions and form
the main connections of the major pathways. This is analogous to
a building in which the chief architect decides all the main struc-
tures and compartments of the building. The details are filled-in by
the tenants who will occupy the building. In the case of a building
designed for, say, shopping purposes but is then put to residential
use, it will still work but may not be optimal in its usage.

What is the “computational power” of the brain?

There are several approaches in estimating the “computational
power” of the brain. Before we proceed further, I would like to
note that using the term “computational power” to describe the
brain’s capability of processing information may not be the best
approach, since the brain is not entirely “a computing machine”
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per se and does not crunch numbers. However, due to the lack of a

better terminology and also as the main quest of the brain’s mod-
eling technique in this discussion uses the computer, we will use
the computer science terminology of “computational power” to

measure the brain with respect to operation cycles per second.

Three possible approaches in measuring the brain’s “computa-

tional power” are:

The first approach is to count the number of synapses, guess
their speed of operation, and determine the number of synapse
operations per second. There are roughly 10'° synapses operat-
ing at about 10 impulses/second, giving roughly 10'¢ synapse
operations per second (Kandel, 1985).

The second approach is to estimate the computational power of
the retina and multiply it by their brain-to-retina size ratio.
Assuming that a typical ganglion cell in the retina performs
about 100 analog additions 100 times per second, then compu-
tation of the axonal output of each ganglion cell requires about
10* analog additions per second. Given that there are about 10°
axons in the optic nerve, a total of 10'° analog additions per sec-
ond is arrived at. There are about 10® optic nerve cells in the
retina and between 10'° and 10'? nerve cells in the brain, so the
brain is roughly 100 to 10 000 times larger than the retina.
Using this approach, the brain is estimated to be able to perform
about 10" to 10" operations per second (Moravec, 1998b).
The third approach is to divide the total useful energy used by
the brain per second by the amount of energy used for each
basic operation to give the maximum number of operations per
second. A brain has about 20 watts. Given that about half of this
energy is lost through dissipation, the effective utilization is
about 10 watt of energy. Using 10 watts as calculation, we can
perform about 10'® operations per second (Merkle, 1989).

From these three approaches, it is concluded that the estimated
computational power of the human brain is about 10" to 10'
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operations per second or 10 million to 10 000 million MIPS (this
is about 10 teraflops® to 10 petaflops). Note: there are about
10'"'-10"* neurons in the brain communicating with each other
over about 10#-10'° synapses. If the brain capacity is measured by
the number of synapses, then 10'* synapses will be 100 terabytes.
This is assuming 1 synapse = 1 byte.

Using this information (operations per second/memory capac-
ity), many scientists then predict how the computer will match the
human brain. For example:

“At the present rate, computers suitable for humanlike robots will
appear in the 2020s.” (Moravec, 1998a,b)

“The memory capacity of the human brain is about 100 trillion
synapse strengths, which we can estimate at about a million billion bits.
... Five billion bits per $1k in 1998 will double 17 times by 2023, which
is about a million billion bits for $1k in 2023.” (Kurzweil, 1999)

“It is estimated that the storage size of o human adult brain is
approximately 10" bytes. ... If the disk price continues to drop at this
rate, then the bard disk of o human brain size could be puvchased
with $6000 by 2008; i.e. many desktop computers could afford human
brain size storage at that time.” (Weng, Aug 20006)

Assuming the computation power of the computer continues to
accelerate (as per Moore’s law), and within economic scales, we
arrive at a projection based on the current growth trend in compu-
tational power of computer: within 20 years, we will have sufficient
computational power, at a relatively affordable cost, to perform the
number of operations (about 10 teraflops to 10 petaflops) that is
in some sense “equivalent” to the brain. Note that the current

c

Flops is an acronym meaning floating point operations per second.
One teraflop is equal to about 10'? flops and one petaflop is equal to
about 10'° flops.

15



16

Brain-Mind Machinery

supercomputers, such as the IBM BlueGene/L (performance at
259 teraflops — winner of the HPC challenges in November 2006)
and MDGRAPE-3 (developed by the RIKEN research institute and
cited in their institute’s report, dated June 2006, to perform at 1
petaflops), can do the job. The IBM Blue Brain project used
BlueGene to do research on modeling the neocortex and attempted
to prove that the brain can be simulated at the cellular level. The
IBM Blue Brain project started in 2005.

The storage capacity of the brain, if based on 100 terabytes, is
already achievable. Hence, the more important issue is not speed or
capacity, but how (much) we can model after the brain to build
cognitively intelligent systems.

Summary

The brain is organized into regions, and each of the regions has
a specialized function: Each of these regions is heavily related to
one another and scientists have not fully understood how the dif-
ferent regions are interconnected. Genes have a strong influence on
the fundamental design of the columnar organization and structure
of the brain. The details of the columnar organization and struc-
ture are “filled-in” by the environment or external stimuli. In this
way, the brain is very adaptable to its environment and can be nur-
tured. Genes also influence the many specific pathways and their
properties. This fixed wiring influenced by genes forms the nature!
here refers to the natural aspects versus the nature aspect part of
the brain. The brain machinery gives rise to the mind and forms
the basis of our behaviors.

In our quest to reverse engineer the brain to build intelligent
systems, it would be important to understand:

e How the many neurons or cells store information.
e What the essential regions and their functions are.
e How the regions are structurally organized.

¢ Nature here refers to the natural aspect versus the nurture aspect.
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How the regions are interconnected and associated with one
another.

What the essential pathways, network and their properties are.
How the different regions in the brain orchestrate together as a
complete system.



