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The human brain is an exquisite specimen of nature’s evolutions to perfection.  Nowhere in nature does a more unbelievable entity exist than what is present in each human.  This essential organ is responsible for all bodily and mental functions that neuroscientists and psychologist are learning more and more about each day.  Can something so flawless be created?  The quest for knowledge about the way the world works and operates leads computer scientists to strive and mimic the brain.  This paper is dedicated to realistically look and offer ideas to comparatively simulate the functions of the brain.
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For artificial intelligent systems to aspire to the human counterpart, they must first know the boundaries of which to attempt.  The driving force of all electronic systems is electricity that runs at different voltage.  The voltage can be imagined as what pushes electrons through a circuit, the harder you push, the more the voltage increases.  With having high voltage, the electrons may be able to leave the circuit and travel through insulation.  There is a balance that must be maintained.  Once a volt goes small, the more influenced it is by “noise.”  In humans, the nerves that send electric signals are on the scale of the millivolt range, or a few thousands of a volt. (Raskin)  When looking at the neural network that transfers electrochemical messages, we can view a layer of fat around the axon.  This, called myelin, is the equivalent of the insulation that surrounds electrical wiring.  This is visible in the diagram to the right by How Stuff Works, HSW.  

The voltages that are in today’s computer chips run roughly in the range of 3 to 5.  A thing that is a problem with processors is the distribution of heat.  By lowering the voltage, we alleviate this problem.  As for cooling the miniature processors, the University of Purdue is developing new and inventive ways of dealing with future generations of microprocessors.  They integrate miniature pumps, about 100 microns wide, entirely on the chip.  Purdue’s news site explains the process as, “this pumping action is created by a phenomenon called electrohydrodynamics, which uses the interactions of ions and electric fields to cause fluid to flow.  ‘Engineers have been using electrohydrodynamics to move fluids with electric fields for a long time, but it's unusual to be able to do this on the micro-scale as we have demonstrated,’ Garimella said.”  

Your brain is made of approximately 100-billion nerve cells, called neurons. Neurons have the amazing ability to gather and transmit electrochemical signals -- they are something like the gates and wires in a computer. Neurons share the same characteristics and have the same parts as other cells, but the electrochemical aspect lets them transmit signals over long distances (up to several feet or a few meters) and pass messages to each other.

Axon - This long, cable-like projection of the cell carries the electrochemical message (nerve impulse or action potential) along the length of the cell. 

· Depending upon the type of neuron, axons can be covered with a thin layer of myelin, like an insulated electrical wire. Myelin is made of fat, and it helps to speed transmission of a nerve impulse down a long axon. Myelinated neurons are typically found in the peripheral nerves (sensory and motor neurons), while non-myelinated neurons are found in the brain and spinal cord. 

· Dendrites or nerve endings - These small, branch-like projections of the cell make connections to other cells and allow the neuron to talk with other cells or perceive the environment. Dendrites can be located on one or both ends of the cell. 

	


Neurons have different shapes depending on what they do. Motor neurons that control muscle contractions have a cell body on one end, a long axon in the middle and dendrites on the other end; sensory neurons have dendrites on both ends, connected by a long axon with a cell body in the middle. 
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Some types of neurons: motoneuron (a), sensory neuron (b), cortical pyramidal cell (c)


Neurons also vary with respect to their functions: 

· Sensory neurons carry signals from the outer parts of your body (periphery) into the central nervous system. 

· Motor neurons (motoneurons) carry signals from the central nervous system to the outer parts (muscles, skin, glands) of your body. 

· Receptors sense the environment (chemicals, light, sound, touch) and encode this information into electrochemical messages that are transmitted by sensory neurons. 

· Interneurons connect various neurons within the brain and spinal cord. 

The simplest type of neural pathway is a monosynaptic (single connection) reflex pathway, like the knee-jerk reflex. When the doctor taps the right spot on your knee with a rubber hammer, receptors send a signal into the spinal cord through a sensory neuron. The sensory neuron passes the message to a motor neuron that controls your leg muscles. Nerve impulses travel down the motor neuron and stimulate the appropriate leg muscle to contract. The response is a muscular jerk that happens quickly and does not involve your brain. Humans have lots of hard-wired reflexes like this, but as tasks become more complex, the pathway "circuitry" gets more complicated and the brain gets involved. 

Frontal Lobe - Front part of the brain; involved in planning, organizing, problem solving, selective attention, personality and a variety of "higher cognitive functions" including behavior and emotions.

Frontal Lobe



Ventral View (From Bottom)
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Cognition and memory.

Prefrontal area: The ability to concentrate and attend, elaboration of thought. The "Gatekeeper"; (judgment, inhibition). Personality and emotional traits.

Movement:

Motor Cortex (Brodman's): voluntary motor activity.

Premotor Cortex: storage of motor patterns and voluntary activities.

Language: motor speech
Frontal lobe - The frontal lobe is involved in motor skills (including speech) and cognitive functions. 

· The motor center of the brain (pre-central gyrus) is located in the rear of the frontal lobe, just in front of the parietal lobe. It receives connections from the somatosensory portion in the parietal lobe and processes and initiates motor functions. Like the homunculus in the parietal lobe, the pre-central gyrus has a motor map of the brain (for details, see A Science Odyssey: You Try It - Probe the Brain Activity). 

· An area on the left side of the frontal lobe, called Broca's area, processes language by controlling the muscles that make sounds (mouth, lips and larynx). Damage to this area results in "motor aphasia," in which patients can understand language but cannot produce meaningful or appropriate sounds. 

· Remaining areas of the frontal lobe perform associative processes (thought, learning, memory). 

Parietal Lobe - One of the two parietal lobes of the brain located behind the frontal lobe at the top of the brain.

Parietal Lobe, Right - Damage to this area can cause visuo-spatial deficits (e.g., the patient may have difficulty finding their way around new, or even familiar, places).

Parietal Lobe, Left - Damage to this area may disrupt a patient's ability to understand spoken and/or written language.

The parietal lobes contain the primary sensory cortex which controls sensation (touch, pressure). Behind the primary sensory cortex is a large association area that controls fine sensation (judgment of texture, weight, size, shape).

Processing of sensory input, sensory discrimination. -   Body orientation. -  Primary/ secondary somatic area. 
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· Parietal lobe - The parietal lobe receives and processes all somatosensory input from the body (touch, pain). 

· Fibers from the spinal cord are distributed by the thalamus to various parts of the parietal lobe. 

· The connections form a "map" of the body's surface on the parietal lobe. This map is called a homunculus. 

· The homunculus looks rather strange because the representation of each area is related to the number of sensory neuronal connections, not the physical size of the area. 
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Homunculus, a sensory map of your body. The homunculus looks rather strange because the representation of each area is related to the number of sensory neuronal connections, not the physical size of the area.


· The rear of the parietal lobe (next to the temporal lobe) has a section called Wernicke's area, which is important for understanding the sensory (auditory and visual) information associated with language. Damage to this area of the brain produces what is called "sensory aphasia," in which patients cannot understand language but can still produce sounds. 

Temporal Lobe - There are two temporal lobes, one on each side of the brain located at about the level of the ears. These lobes allow a person to tell one smell from another and one sound from another. They also help in sorting new information and are believed to be responsible for short-term memory.

Right Lobe - Mainly involved in visual memory (i.e., memory for pictures and faces).

Left Lobe - Mainly involved in verbal memory (i.e., memory for words and names).
Auditory receptive area and association areas.
Expressed behavior.
Language: Receptive speech.
Memory: Information retrieval.
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The temporal lobe processes auditory information from the ears and relates it to Wernicke's area of the parietal lobe and the motor cortex of the frontal lobe.

Occipital Lobe - Region in the back of the brain which processes visual information. Not only is the occipital lobe mainly responsible for visual reception, it also contains association areas that help in the visual recognition of shapes and colors. Damage to this lobe can cause visual deficits.

Primary visual reception area.
Primary visual association area: Allows for visual interpretation.
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The occipital lobe receives and processes visual information directly from the eyes and relates this information to the parietal lobe (Wernicke's area) and motor cortex (frontal lobe). One of the things it must do is interpret the upside-down images of the world that are projected onto the retina by the lens of the eye.

Brainstem - The lower extension of the brain where it connects to the spinal cord. Neurological functions located in the brainstem include those necessary for survival (breathing, digestion, heart rate, blood pressure) and for arousal (being awake and alert).

Most of the cranial nerves come from the brainstem. The brainstem is the pathway for all fiber tracts passing up and down from peripheral nerves and spinal cord to the highest parts of the brain.
HSW - The brainstem controls the reflexes and automatic functions (heart rate, blood pressure), limb movements and visceral functions (digestion, urination).
Brain Stem:      

· Midbrain
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Nerve pathway of cerebral hemispheres.
Auditory and Visual reflex centers.
· Pons 
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Respiratory Center.
· Medulla  Oblongata
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Crossing of motor tracts.
Cardiac Center.
Respiratory Center.
Vasomotor (nerves having muscular control of the blood vessel walls) Center 
Centers for cough, gag, swallow, and vomit.
Lower Brain

	The basic lower brain consists of the spinal cord, brainstem and diencephalon (the cerebellum and cortex are also present, but will be discussed in later sections). Within each of these structures are centers of neuronal cell bodies, called nuclei, that are specialized for particular functions (breathing, heart-rate regulation, sleep): 

Spinal Cord
The spinal cord can be viewed as a separate entity from the brain or merely as a downward extension of the brainstem. It contains sensory and motor pathways from the body, as well as ascending and descending pathways from the brain. It has reflex pathways that react independently of the brain, as in the knee-jerk reflex. 
· Medulla - The medulla contains nuclei for regulating blood pressure and breathing, as well as nuclei for relaying information from the sense organs that comes in from the cranial nerves. 

· Pons - The pons contains nuclei that relay movement and position information from the cerebellum to the cortex. It also contains nuclei that are involved in breathing, taste and sleep. 

· Midbrain - The midbrain contains nuclei that link the various sections of the brain involved in motor functions (cerebellum, basal ganglia, cerebral cortex), eye movements and auditory control. One portion, called the substantia nigra, is involved in voluntary movements; when it does not function, you have the tremored movements of Parkinson's disease. 

· Thalamus - The thalamus relays incoming sensory pathways to appropriate areas of the cortex, determines which sensory information actually reaches consciousness and participates in motor-information exchange between the cerebellum, basal ganglia and cortex. 

· Hypothalamus - The hypothalamus contains nuclei that control hormonal secretions from the pituitary gland. These centers govern sexual reproduction, eating, drinking, growth, and maternal behavior such as lactation (milk-production in mammals). The hypothalamus is also involved in almost all aspects of behavior, including your biological "clock," which is linked to the daily light-dark cycle (circadian rhythms). 
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Cerebellum - The portion of the brain (located at the back) which helps coordinate movement (balance and muscle coordination). Damage may result in ataxia which is a problem of muscle coordination. This can interfere with a person's ability to walk, talk, eat, and to perform other self care tasks.
HSW - The cerebellum integrates information from the vestibular system that indicates position and movement and uses this information to coordinate limb movements.
Cerebellum 
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Coordination and control of voluntary movement. 
The cerebellum is folded into many lobes and lies above and behind the pons. It receives sensory input from the spinal cord, motor input from the cortex and basal ganglia and position information from the vestibular system. The cerebellum then integrates this information and influences outgoing motor pathways from the brain to coordinate movements. To demonstrate this, reach out and touch a point in front of you, such as the computer monitor -- your hand makes one smooth motion. If your cerebellum were damaged, that same motion would be very jerky as your cortex initiated a series of small muscle contractions to home in on the target point. The cerebellum may also be involved in language (fine muscle contractions of the lips and larynx), as well as other cognitive functions.

Corpus Callosum
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Connects right and left hemisphere to allow for communication between the hemispheres. Forms roof of the lateral and third ventricles.
Hypothalamus and pituitary gland - These control visceral functions, body temperature and behavioral responses such as feeding, drinking, sexual response, aggression and pleasure.

In addition, the part of the brain called the thalamus evolved to help relay information from the brainstem and spinal cord to the cerebral cortex.
Insula - The insula influences automatic functions of the brainstem. For example, when you hold your breath, impulses from your insula suppress the medulla's breathing centers. The insula also processes taste information.

· Hippocampus - The hippocampus is located within the temporal lobe and is important for short-term memory. 

· Amygdala - The amygdala is located within the temporal lobe and controls social and sexual behavior and other emotions. 

· Basal ganglia - The basal ganglia work with the cerebellum to coordinate fine motions, such as fingertip movements. 

· Limbic system - The limbic system is important in emotional behavior and controlling movements of visceral muscles (muscles of the digestive tract and body cavities). 

Limbic System 
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Olfactory pathways:
Amygdala and their different pathways.
Hippocampi and their different pathways.
Limbic lobes: Sex, rage, fear; emotions. Integration of recent memory, biological rhythms.
Hypothalamus. 

Cerebral Cortex
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Ventral View ( From bottom) 

The outermost layer of the cerebral hemisphere which is composed of gray matter. Cortices are asymmetrical. Both hemispheres are able to analyze sensory data, perform memory functions, learn new information, form thoughts and make decisions.
HSW - Cerebrum (also called the cerebral cortex or just the cortex) - The cerebrum consists of the cortex, large fiber tracts (corpus callosum) and some deeper structures (basal ganglia, amygdala, hippocampus). It integrates information from all of the sense organs, initiates motor functions, controls emotions and holds memory and thought processes (emotional expression and thinking are more prevalent in higher mammals).

http://www.waiting.com/brainanatomy.html
http://health.howstuffworks.com/brain1.htm
http://www.transhumanist.com/volume1/moravec.htm
http://www.sandia.gov/supercomp/sc2002/flyers/SC02ASCIPurplev4.pdf
http://www.quantiki.org/wiki/index.php/What_is_Quantum_Computation%3F

http://www.wired.com/wired/archive/4.04/geek.html
http://www.purdue.edu/UNS/html4ever/2006/060425.Garimella.micropump.html - Purdue 
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100 teraFLOP/s ........................................Peak computational rate

50 TB (50240 bytes).................................Aggregate memory

2.0 PB (2.01015 bytes).............................Aggregate global disk

106 GB/s (106109 bytes/seconds) .......Delivered global I/O bandwidth to applications

12.6 TB/s (12.61012 bytes/seconds) ....Aggregate intra-SMP link bandwidth

223 (443) TB (in 1012 bytes).....................Aggregate local disk (mirrored) capacity

>10,000 .......................................................Number of disk drives in the system

40 GB/s (40109 bytes/seconds) ...........Delivered aggregate local I/O bandwidth to applications

32 x 10-Gb/s Ethernet (in 109 bits/seconds) ...External networking

>12,000 .......................................................Number of processors

Power5 .......................................................Microprocessor technology

7.5 MW (7.5106 Watts) ...........................Power required for computer and cooling

>16,000,000 BTU/hr.................................Heat generated

* target specifications

This work was performed under the auspices of the U.S. Department of Energy by University of California Lawrence Livermore National Laboratory under contract No. W-7405-Eng-48.
