Other replicators
From time to time cattle ranchers have seen certain of their cows begin to
behave strangely and then die. The death was preceded by a great deal of
what was interpreted as aggressive charging about. With no obvious cause the
cow was assumed to have succumbed to some sort of crazed madness. Thus the
malady was named “Mad Cow Disease.” Today we may hear about the same
disease, but more accurately labeled as “Bovine Spongiform Encephalopathy”
or BSE. The cattle ranchers were in fact observing the gradual failure of the
cow's sense of balance. This failure was caused by buildup of plaques in the
cow's brain. As the damage progressed there would be fewer and fewer healthy
neurons available to manage all the information about body position from the
somatic nervous system and information about movement reported by the
vestibular labyrinths of the cow’s inner ear. This would in turn cause the cow
to stumble about somewhat in the manner of a drunkard.
There are very similar diseases in humans and other animals. One of the human
versions is called Creutzfeldt-Jakob disease. The equivalent disease in sheep
and goats is known as scrapie. Collectively these and similar afflictions in other
animals are known as “prion diseases” and are likely to be caused by the very
simplest of replicators. Research by Stanley B. Prusiner and others indicates
there is a single protein involved. When all is well, this protein is a receptor
with a specific purpose on the cell membrane. But every so often one of these
proteins is refolded into a different shape. The new shape is not broken down
and recycled by the body as happens with the normal version of the protein.
This would not be such a problem except that the new shape is like a “bad
apple.” When this “bad apple” comes in contact with one of the normal
receptor proteins then the normal protein is refolded to match the “bad
apple.” There are now two “bad apples”, each of which can affect additional
normal copies of the protein. From there geometric progression develops and
large sheets of the malformed protein accumulate and interfere with normal
processes of the brain.
The replicators which cause prion disease have very limited opportunity to
evolve. The required resource is the normal receptor protein on the cell
membrane. As the resource is exploited then the host dies. The story ends
there unless the carcass is eaten by another animal with sufficiently similar
receptor proteins. Thus second generation “Mad Cow Disease” should only be
an occasional concern for predators, but mankind disturbs the natural order of
things. Mankind has begun feeding unused parts of carcasses to cows as a
protein supplement. Suddenly “Mad Cow Disease” is in the daily headlines.
Being as ostriches are known to be afflicted with an avian version of prion
disease and mankind is feeding unused parts of chicken carcasses to chickens,
it should come as no surprise if we see news reports of “Mad Chicken Disease”
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at some point in the not too distant future.
There are other replicators - some of which exist outside the realm of biology.
The term “computer virus” is very appropriate. A biological virus is a packet of
information which infects a cell and reprograms the chemical machinery of the
infected cell to manufacture more infectious packets. A computer virus does
much the same thing. It is a packet of instructions which infects a computer
and reprograms the computer to manufacture many more infectious packets.
In some regards a computer virus evolves just like a biological virus. The ones
which are best at getting copied are the ones best represented in subsequent
generations. There is a hugely significant difference in the process of evolution
as it applies to biological viruses and as it applies to computer viruses. This
difference is highly instructive as far as understanding religion is concerned. It
is far from the bit of random information which it may first seem.
The evolution of computer viruses and other malicious computer software is
different from biological evolution because it has designers - often very
intelligent designers.
The designers of malicious computer software may be motivated by the thrill
and notoriety of a successful design. Others are clearly motivated by the
potential theft of data or hopes of financial gain.
The intelligent designers of malicious software are able to make guesses as to
what is needed to improve the success of their programs. They are also able to
observe features in other malicious software and add selected features to their
own programs. Biological viruses do not have these two luxuries. Biological
replicators must wait for the results of trial and error repeated over
generations.
This chapter will be rounded out with discussions of other replicators – the
Internet has become a virtual laboratory for the study not only of malicious
software but all manner of accelerated evolution:
Chain letters
Unsolicited Commercial Email (UCE) and the ever escalating battle between
“spammers” and the defenders of the electronic “inbox.”
Urban legends
It is not all bad. There are programs called automatons which demonstrate how
very simple rules can lead to complexity. This is relevant because it
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undermines one of the favored disinformation campaigns employed by
“creationists.” The “creationist” disinformation campaign would have us
believe that their misapplication of the concept of entropy and the second law
of thermodynamics preclude greater complexity arising from lesser complexity.
Thus according to their misapplication, more complex lifeforms could not have
arisen from less complex lifeforms. By extension this misapplication is
presumed to even preclude “biogenesis” or the first instance of life in some
ancient pool of primordial muck. Automatons are a fascinating exercise to
observe when a computer does all the work of calculating the iterations of the
rules. Automatons exist on a grid. In a basic version there are vacant blocks
and occupied blocks. There are rules applied which determine if a particular
block will be vacant or occupied on the next iteration of the grid. A typical rule
set involves the number of neighboring blocks which are occupied. A block with
too many occupied neighboring blocks is “overcrowded” and results in a vacant
block on the next iteration of the grid. A block with too few occupied
neighboring blocks is “lonely” and also results in a vacant block in the next
iteration of the grid. However a block with the “right” number of occupied
neighboring blocks will be marked occupied in the next iteration of the grid.
When a computer applies the iterated ruleset then we observe many patterns.
Some patterns on the grid oscillate between two states. Others self destruct.
However there are some patterns which grow or multiply. The most widely
known version of automatons was a game published by Microsoft as “Life
Genesis” - part of the original Microsoft Entertainment Pack. A search of the
World Wide Web for “cellular automata” will return many interesting sites with
colorful animations. For those not convinced that “cellular automata” aren’t
anything beyond a mathematical novelty should search for conus textile and
consider the pattern on its shell. Then compare it to the results of a one
dimensional cellular automata where each iteration is represented as a line
added alongside previous iterations. One may find such representations by
searching for “rule 30 cellular automata.”
Computers have enabled an even better example of how complexity can arise
from simple rules applied recursively. Thus a discussion of Julia sets and the
related but more widely known Mandelbrot set is in order. Here is a crude
representation of the Mandelbrot set:
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We will get to the part about why this is a crude representation shortly. The
“crude” image is produced by taking each point on the blank Cartesian
coordinate system and recursively applying a mathematical function. The
output of one iteration of the function becomes the input of the next iteration.

(zn+1)

(zn²+ c)

The mathematical symbols shown above may require some explanation. Two
functions are defined and the output of each is the input of the other. The
function on the left is simple: the value of the right hand function is assigned
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to variable z. The small n on each side signifies the number of times the loop is
iterated. The left hand function is more interesting. First the output of the
right hand function is squared and then the value of c is added. The value of c
is a complex number. For our purposes complex numbers are simply a method
of notation that allows for tracking the roots of negative numbers. Consider
that (-8)² = 64 but √64 ≠ -8. Complex numbers have a “real” part which is an
ordinary number and an “imaginary” part signified by I and used to keep track
of any negative roots during calculations. The value of c is mapped to the
Cartesian coordinate plane with the real part assigned to one axis and the
imaginary part to the other axis.
One of two things happen as the function is applied recursively. Either the
output remains “trapped” near the origin or the output moves away from the
origin toward infinity. The original point is colored black for those coordinates
which are trapped. These coordinates are part of the Mandelbrot set. The
starting points for coordinates which “escape” when the function is applied
recursively are often assigned bright colors which give striking results. Here
shades of gray have been assigned based on the number of iterations required
to determine if the starting coordinates would escape when the function is
applied recursively.
With that understanding of what is graphed, it is time to continue the
exploration of complexity from the iteration of simple functions.
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The image below is the same area bounded by the box just below and left of
center in the above image. The magnification is about 14 times the size of the
original view.
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Zooming in again – this time on the box just right of center and near the top of
the image - results in the next image. The magnification is now about 121
times the original size.
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By now one should be noticing several shapes which seem to be repeated at
different scales. Next we will zoom in on the spiral with five spoke near the
center of the upper right quadrant. The resulting image below is magnified
about 1,370 times that of the original image.
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One should note the increasing detail with some shapes being echoed at
different scales. It is important to understand that the shapes are similar but
each is slightly different. We will next zoom in on the area defined in the box
just above and right of center. The below image has a magnification of about
18,000 times that of the original.
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The next zoom gives us an approximate magnification of 168,000 times the
original – this time centered near the hub of the multi-armed structure. For the
perceptive viewer this image may reveal an unusual characteristic of the
Mandelbrot set – it has a finite area but has an infinitely complex frontier. The
dark shape doesn’t just resemble the original set at this scale – it resembles
the original set at increased levels of detail. It is in fact surrounded by an
infinite number of smaller versions of itself. Each version is bent or distorted in
some way, but still recognizable as an echo of the shape seen in the top level
view.
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The next zoom in takes us to a magnification approximately 1.6 million times
the scale of the original image.
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Notice how the filaments branching near the Mandelbrot set (black area) echo
those surrounding the set in the original view. The next zoom will take us in to
a magnification of approximately 17 million times the size of the original view.
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This view should drive home the incredible complexity of the Mandelbrot set –
all derived from a simple function applied recursively. Our final view (below) is
at a magnification of approximately 210 million times the scale of the original
view. Consider that this is still a “crude” representation of the Mandelbrot set
because there is no theoretical limit to how far we could “zoom in.” No
matter how many computing resources we dedicated to the task we could
never render then entire set. If you have printed this out on standard sized
paper then the original image is roughly six inches across. If the original image
were magnified to the scale of the last image in this series then the original
would be nearly 20,000 miles across.
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The point of this exercise is that simple rules applied recursively can lead to
complexity. This is an extreme example because in this case the recursively
applied functions generate infinite complexity.
Julia sets are related to the Mandelbrot set. Like the Mandelbrot set they are
fractals. A randomly selected Julia set is illustrated below. Notice the echoed
themes and self-similarity. A Julia set does not have the same degree of
variation as the Mandelbrot set – but it does have infinite detail. Interestingly
enough Julia sets for a particular point in the complex number plane of the
Mandelbrot set bear a resemblance to features in the corresponding part of the
Mandelbrot set.
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These renderings of the Mandelbrot set and one Julia set were created using
Mandelbrot Explorer 3, available at http://www.mandel.org.uk/
For interactive viewing of the Mandelbrot set one might try “QuickMan Fast
Mandelbrot Generator.” It is ideal for visualizing the complexity of the
Mandelbrot set because it allows interactive zooming. QuickMAN also allows a
number of different color schemes, but does not render Julia sets. QuickMAN is
available at http://sourceforge.net/projects/quickman/
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