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Notes

'The remote control toy has 16 buttons to try. Adding more buttons will only make it a little bit
more interesting. With are V buttons, there are /V things to try.

'The farm mash-up toy has five different animals. There are five choices for the front of the
animal, and five choices for the back. This makes 5 x 5 = 25 different pairs to try. Adding one
more animal adds lots more possibilities! We can try the new animal front with each of the old
animals (as well as with its own back), and its back with each of the old animals also. With

N animals, there are NV squared (N x N) pairs to try.

'The pop-up toy has five different animals to pop-up. Each animal can be either up or down

to make many different patterns. For example, there is one pattern where all the animals are
down, one pattern where all the animals are up, and five patterns where just one animal is up.
The easiest way to count all the patterns is to think about each animal being either up or down.
We have two ways to set the first animal, and two ways to set the second, and so on. We can
combine all the ways to set the first with all the ways to set all the other animals. This makes

2 x2x2x2x2 =232 possible patterns. Multiplying a number by itself is called exponentiation.
We can write 2 x 2 x 2 x 2 x 2 as 2°. Adding one more pop-up animal doubles the number of
patterns since we can set the new animal both ways and combine it with all the ways to set all
the other animals. With NV pop-up animals, there are 2% different patterns.




'The stacking toy has five rings that can be arranged in any order. This means there are 5
choices for the first ring, 4 choices for the second ring, 3 choices for the third ring, 2 choices
for the fourth ring, and only one ring left to use on top. The total number of orderings is 5

x 4 x 3 x 2 x1=120. This is called factorial and written as 5! With NV rings, the number of
orderings is V! which grows very quickly! A 10-ring peg toy would have over 3 million orders
to try. Dori would take six years to try them all if she can try one each minute and never goes
to sleep.

A universal machine is a machine powerful enough to simulate every other machine. Alan
Turing showed that a machine with a few very simple operations could simulate everything
a person could do by following mechanical rules and using an unlimited amount of scratch
paper. All you need is a way to remember (by putting the legos in one position or the other),
a way to make decisions (reading the position of the current lego and taking a step based on
what it is), and a way to keep going (keep making steps until the machine gets stuck). People
have built such machines using legos (as well as with simple substitution rules, electronic
circuits, DNA, and many other things).

Turing showed how to construct a machine that could simulate every other machine: a
universal machine! Our universal machine is a mathematical abstraction. No real machine can
be truly universal, since an ideal machine has an infinite amount of memory and can execute
an unlimited number of steps. But, we can get pretty close by getting more memory when we
run out, and by executing billions of instructions every second on a modern computer.




About Dori-Mic

Dorina Michelle (a.k.a., “Dori-Mic”, which is pronounced “Dori-Meek” and means “Little
Dori” in Dori’s mother’s mother tongue) lives with her parents in Charlottesville, Virginia.
She is well-known for her previous work on recursive definitions, but this is her first book on
computability theory. Dori’s programs do not always terminate, but she blames her daddy for
any mathematical errors in this book since she was not yet able to read when it was published.




