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Mathematics has long been thought of the study ofbgolute truths. It is
then no wonder then that there have been consideréb problems in
defining a mathematical notion of randomness. Its one of those notions
which we all intrinsically feel we understand yet v consistently fail to
define it in absolute terms.

"It is evident that the primes are randomly distributed, we just
don’t know what ‘random' means."

-- R.C. Vaughan
This paper will provide a definition of randomnessin mathematical
terms. Once we have a working definition we can eaxine the
randomness of a recursively self complicating funain called
Pat(2n+1,n) which incidentally lays down the primesalong the number
line. Code examples are provided to assist in undganding the basic
concepts presented.
Using notions of randomness and pattern combinatocs it will be shown
that many contentious prime constellations such asrime twins, triplets
and quadruplets are indeed infinite as commonly syected.

1. Introduction

1.1. What is random?

Randomness is one of those things that is harthtdgwn. As applied to patterns, a random
pattern is one which has an infinite supply of cterjppy. Complexity, in turn, is given by the
number of non-reducible, non-recursive (non-reflexistatements needed to categorize a
pattern. As an example, suppose you are askedtégarize yoghurt. You could say that
yoghurt is yoghurt and milk. This is a recursiveflexive) definition which does not
categorize yoghurt. Sure, you can make more ydghonw, but you need to know that
yoghurt is milk and bacterial culture to make yoghwithout having yoghurt on hand.
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Similarly recursive statements give us (potentjapme information about the pattern at
hand, however, to fully categorize the problem,nged non recursive definitions which tell
us how to define the pattern out of elemental (udetastic) statements. Each non-reducible,
non-recursive statement contributes some measwenaplexity. As a corollary, complexity
of a pattern can be thought of as the collectioallofssential non-reducible information about
this pattern.

Each statement about the random pattern is detistinin That is, it is finite and elemental.
However, when you take these deterministic elenhgrdatierns and unboundedly combine
them together you get a random pattern.

1.2. Formal definition
Randomness = Recursive self complication crossméetesm

1.3. Contrast to Chaitin-Kolmogorov complexity

In the 1960’s G. Chaitin and A. N Kolmogorov conemtly developed a notion of
algorithmic complexity. Put simply a bit stringn@s and zeros) was random if and only if
there did not exist a program outputting this strimhose size was less than that of the
original string. In so doing they examined theimotof compressibility. The Chaitin-
Kolmogorov approach determines compressibility dasethe size of the program generating
the bit string. In contrast, recursive self cormalion examines the space time complexity of
the produced bit string. The produced bit stringsst take an infinite amount of time to
produce and must be recursively self complicatingnce require an infinite amount of
computational space. The Chaitin-Kolmogorov apphoaegards most small strings as
random because the programs that generate theegaet to or larger than the size of the
small bit string. For example 100 is considereddoam. The recursive self complication
definition cross determinism definition never caless any finite bit string random. Further
only those built via recursive self complicatiorllvaie considered random.

2. How do we get a Random Pattern?

Random patterns as explained above are producerkdwysive self complicating using
deterministic elementals. We will consider onlpdoy patterns (patterns of ones and zeros).
The general form of the algorithm follows

2.1. Pat(f(n))

Pat(f(n)) = Pat(f(n-1)) merge Elemental(f(f0)) waer

Pat(0) is the empty pattern,

fO is the location (1 based) of the first zerohe ths pattern (ie Pat(f(n-1)), and
f(n) is some function.

(See the ‘Code Samples’ section for examples add oatput.)

2.2. Merge operation

The merge operation takes the left hand side (aslern and finds the first zero. It then
composes the Elemental(f(f0)) pattern and matchkgng) the leading one of the elemental
with the first zero of the |hs pattern. It thempeats both patterns until length(lhs pattern) *
length (Elemental(f(n)) bits are produced of eatththen OR’s the result producing the new
pattern. Further, the merge of any pattern withémpty pattern produces that same pattern.
The first zero of the empty pattern is definedxsieat position 1. (The empty pattern can be
thought of as an infinite string of only zeros or.p
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2.3. Elemental(f(f0))

The Elemental(f(f0)) function produces a pattermié followed by f(f0)-1 zeros. (Recall: fO
is the location of the first zero in the Ihs pattgrAn example of an elemental would be 10...
=10101010 and so on. This is an irreducible pattét cannot be described any more simply
than 10...

2.4. When will Pat(f(n)) produce random patterns?

Pat(f(n)) will produce random patterns IFF Pat(f(m}1) has at least 1 one and 1 zero and if
f(n+1)>f(n) for all n. This is true due to the fah combinatorics of the ‘merge’ function.
Examine the merge function (use the code exampidsoatput to assist you) and note that
any pattern that exists in the left hand side pattes guaranteed to exist in the merged
pattern. If Pat(f(n), n=1) has ones and zeros,Eathental(n+1) has more zeros (and at least
one ‘1’) than Elemental(n), we're always guarantieedet more zeros as we iterate which are
later matched with the ones of the Elemental irseghent merge operations.

2.5. Example Pat(2n+1)
Let's work an example to see how this works. Leatsider Pat(2n+1). n=(0): and

observe the recursion at work. (See also Appendix A

Pat(2n+1,n=0) = emptyPattern by definition

Pat(2n+1,n=1) = Pat(2n+1,n=0) merge Elemental(2f0+1 ,f0=1)

Pat(2n+1,n=1) = emptyPattern merge Elemental(2f0+1, fO=1); fO of the empty pattern is defined
tobe 1

Pat(2n+1,n=1) = emptyPattern merge Elemental(3) [E
Pat(2n+1,n=1) = emptyPattern merge 100... (the‘...'m
over again, not just the last entry over and over,
Pat(2n+1,n=1) = 100...

Pat(2n+1,n=2) = 100... merge Elemental(2f0 + 1,f0=2);
Pat(2n+1,n=2) = 100... merge Elemental(5)

Pat(2n+1,n=2) = 100... merge 10000...

100... merge 10000...

<=>100100100100100 (Ihs)
010000100001000 OR (rhs)
110100100101100... = Pat(2n+1,n=2)

Note length(Pat(2n+1,n=2)) = length(Pat(2n+1,n=1))

Pat(2n+1,n=3) = 110100100101100... merge Elemental(2f

110100100101100... merge 1000000...

<=>11010010010110011010010010110011010010010110011
00100000010000001000000100000010000001000000100

=11110010010110011010010110110011010011010110111010
10010011

2.6. Examining the descriptions of Pat(2n+1)

Describe Pat(2n+1,n=1) = 100...

lemental(2f0+1,f0=1)]
eans repeat everything to the left over and
but everything to the left, over and over)

fO of the lhs pattern occurs at position 2

x length(Elemental(5)) = 3x5 = 15
0 + 1,f0=3); fO of the lhs pattern

01001<<truncated>>(lhs)
00001<<truncated>>(rhs)

0100101110110101100101100110110100101100110

This is the pattern of one followed by 2 zeros edpé over and over again

Describe: Pat(2n+1,n=2) = 110100100101100

This is the pattern of one followed by 2 zeros etpé over and over again AND the pattern
of 1 followed by 4 zeros, with the first 1 of thatfern at position 2, repeated over and over
again.

Note: as we iterate, we get more and more irredeeiciton-recursive statements.
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3. Stateless Entities versus Stateful Algorithms

The number 1 is stateless. It is 1, it will alwdyes 1 and will never change. Algorithms
however, describe things which can exist in certaates. Suppose | wanted to construct an
algorithm that defined the number 1. First ofiil important to realize that 1 is actually
0.999999999999 and so on.

Proof: 1/3 =0.33333333 and so on

Multiply both side by 3

1 =0.99999999 and so on.

Now lets construct an algorithm to make 0.99999 smdn. One(1) = 9/10 = 0.9, One(n) =
9/10"n + One(n-1).

If we allow this algorithm to run indefinitely, will produce 0.999999... and so on and hence
produce 1. However, at any stage One(n) for amefin does NOT EVER equal 1. One(n)
for any finite n, represents a state of the algaritbut with unbounded n, this describes the
number 1.

Examining Pat(f(n)), we see that provided f(n) reetde requirements of Pat(1) having at
least one 1 and one 0 and that f(n+1) > f(n) fomalthat Pat(f(n)) will produce more and
more complicated patterns as it iterates. For neilhPat(f(n)) produce a fully random
pattern, there will only be finite (yet possiblyegt — certainly increasing -- amounts of)
complexity. However, if we allow Pat(f(n)) to isge unboundedly, we get a truly random
pattern.

4. Importance of the Set of First Zeros.

Note that as we iterate, the description of Pai(fgoes something like, the pattern of 1
followed by x zeros starting at position y repeateeér and over AND the pattern of 1
followed by p zeros starting at position g repeateer and over again ... AND ... and so on.
So the position of the first zero in the lhs pattbecomes the position of the first 1 in the rhs
pattern. As such the set of first zeros is an irgm one because it contains necessary
information we need to categorize Pat(f(n)). Letdl this set firstZeros. The firstZeros set
for Pat(2n+1) is {1,2,3,5,6,8,9...}

4.1. Allowable constellations in firstZeros

Notice in the firstZeros set for Pat(2n+1) the iexstrl,2,3. Note that in the rest of the entries
you never get 3 numbers 1 apart ever again. Tlasksnan unallowable constellation.
Allowable constellations are ones where candidetetheir creation occur infinitely. When
allowable constellations first appear, the elemleptdterns which currently exist can be
arranged such that the zeros of these patternaliggmto produce a candidate for this pattern.
A candidate for a pattern is the same pattern X@Rtkat is with the bits reversed). For
example, a candidate for the constellation ¢,c+2js#900 in Pat(2n+1).

Consider 1,2,3 (c,c+1,c+2): The elemental pattbans are:

100...

10000...

1000000...

Try as you may, you can’t shift these patterns symi can get 3 zeros to align in all 3
patterns. (Simply put, the pattern 100... blocks sugh attempt because there is always a 1
in any 3 considered positions). Thus all condieltacandidates for c,c+1,c+2 are destroyed
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at once, by the first instance of the constellathonless. Thus the constellation c,c+1,c+2
occurs only once, but isn’t allowed.

How about just 1,2? Sure, that’s allowable. Tleenentals are:
100...
10000... where two zeros can be made to align in aleteeentals

NN\
How about the simplest constellation, just 1? just one entry. This first occurs with the
elementals 100... and sure there are two zeros é&d only one) which can be aligned to
produce this constellation.

4.2. All allowable constellations in firstZeros oagr infinitely

Any allowable constellation is a building block upahich future complexity of Pat(f(n)) is
built. Recall that Pat(f(n)) recursively takes twmplexity of the Ihs pattern and merges in
the complexity of some elemental. The key hetbas any complexity (details) that occurred
in the Ihs are preserved in the new pattern. Sinmuit this means that if you had two
consecutive zeros in the |hs pattern, the new mattgll have two consecutive zeros
somewhere in the new pattern.

Look at the constellation 1,2,3 or c,c+1,c+2: Owceated it destroys itself in Pat(2n+1)
forever. Suppose an allowable constellation sult,at+1 occurred finitely in firstZeros.
This means that the constellation candidates westayed all at once or they were destroyed
iteratively. If the constellation candidates wdestroyed all at once, this must mean that it
was not an allowable constellation to begin witfthis would mean that the elementals
forbade the construction of such a constellatiomdiate anywhere in Pat(2n+1) and hence
such a constellation couldn’t have been an alloevabhstellation in the first place.

Next, suppose the constellation is destroyed itexigtduring construction of Pat(2n+1). This
means that the constellation candidates (in thee ¢&o adjacent zeros) are not destroyed all
at once but simply, magically, never manage to make be the head of a new Pat(2n+1),
and hence another entry of this constellation finstZeros. The more you avoid allowing a
certain constellation to be at the head of Pat(2rthe less normally, or randomly, distributed
Pat(2n+1) is. However, this constellation is itselbuilding block of complexity which is
iteratively being used to make Pat(2n+1) more amdentomplicated and more and more
random. Now we can’t suck and blow from the sanpe.p If we're using a constellation
candidate to build complexity, and complexity inrntuproduces randomness and normal
distribution, then it is impossible to ad infinitudisallow any constellation candidate access
to the head of Pat(2n+1).

Hence it has been shown that immediate or itergihevention of allowable constellation
candidates reaching the head of Pat(2n+1) is inigpessnaking all allowable constellations
infinite in firstZeros.

4.3. How does all of this apply to prime constellains? The twin primes etc. proof

The latest prime constellations research is byehee Tao who incorporates the work of
Goldston and Yildrim. Currently, Ben Green and €age Tao have been able to show that
there are “arbitrarily long arithmetic progressiaigrimes.”® This is on the way to proving
that prime constellations such as prime twins afmite, however, it is not quite there yet.
However if we examine Pat(2n+1,n) more closely wahpect to the firstZeros perhaps we
can do better.

Examine the firstZeros set for Pat(2n+1) = {1,2,8,8,9,...}. Note the magic that occurs
when you multiply every element by 2n+l yielding,$,7,11,13,17,19,...} why you get the
(odd) primes? Proof? Intuitively this makes seasePat(2n+1,n) is nothing other than a
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Sieve of Eratosthenes over all the odd numbersmiixag Pat(2n+1,n) in more detail we see
that all the elementals of Pat(2n+1) form the patf multiples for all the primes. The
constellation c,c+1 is allowable in Pat(2n+1), afidchllowable constellations occur infinitely.
If this is true, then primes that are two apartn(er twins) must occur infinitely because this
corresponds to an allowable constellation in P(2n+Moreover ALL constellations of
primes which corresponds to allowable constellationP(2n+1) are infinite. In case that last
part missed your attention that means prime tspigiadruplets etc etc of allowable form are
all infinite too.

5. Conclusions

The recursive self complicating program will giveetsame random string every time you run
it. The key is that the longer you run it, the moandomness you get.

Many have commented that the digits of the irralamumbers appear to be random. Take
for example the digits of and the digits of e (base of the natural logarjthffihe digits of
these numbers appear to be random upon first itispecHowever, are they ‘truly random’?
If they were ‘truly random’ as we all intuitivelyuspect they are, then wouldn’t they include
one another? That starting at digit nmfwouldn’t we start to see the digits of e? Ifythe
were ‘truly random’ given a large enough n, evellyuand randomly, we should start to see
all the digits of e nested in the digitsmof

This of course cannot occur. The reason is thagifrrational numbers generally include one
another, then, eventually you would get a repeathe digit sequence at which time the
number would no longer be irrational. (recall thaty number that has a repeat in its digit
expansion is necessarily rational). So suppodeydat10,000 ofr, we start to see the digits of
e and at digit 20,000 of e we start to see thédgjit. Then we have a repeat of the digits at
© repeating at 20,000 amds no longer irrational.

So what is the problem here? Possibilities incliderationals are NOT random, and there is
a notion of ‘truly random’ out there or 2) irrat@s are random, and our notion of random
needs to be adjusted or 3) there is no such thsnguadom at all. Let us examine the first
option. So there is some ‘truly random’ concepttbere which the irrational numbers don’t
conform to. Great! Let's make a number using tinidy random’ generator. What we’ll do
is we'll buy one that spits out a truly random ladd. Well ask it for a one or a zero 10 times
and add up the number of 1's and output the revie’ll keep repeating to build up a string
of digits and then prepend “0.” to the beginningibf So we’ll have something like
0.2849294729187489290 and so on. This number dhoallirrational because it has no
repeat because it's based on something ‘truly namdo There is a problem however:
Shouldn’t this number also contain all the digitst® Sure it should, it's based on something
‘truly random’ so eventually it should spit out #tle digits ofr, and e and other irrationals
too while you're at it. The problem is that theationals are infinite length, so we must have
general inclusion, where one includes the otherthedother includes the first. Whenever
that happens, we get a repeat and the number lsnger irrational. So we'’ve failed to
establish a concept of ‘truly random’.

This paper takes the second option, there is aomatf random and it just needs to be
adjusted. This paper adjusts the notion of randonbe the result of a recursively self
complicating algorithm. Taking this definition sandomness as a lemma, a proof by
construction of the long standing Prime Twin problean be constructed as shown above.

" 1is the result of a recursively self complicating process (a continued fraction) crossed with determinism.
http://mathworld.wolfram.com/images/equations/PiContinuedFraction/equation3.gif
http://mathworld.wolfram.com/images/equations/PiContinuedFraction/equation4.gif

In both examples we can see patterns emerge, yet, there are no clear patterns in 7 itself. This is because the recursively self
complicating process (the continued fraction) creates randomness out of this elemental determinism.
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As for the final option, the option that there © such thing as randomness, this may be an
argument of semantics. There will be some thattkay recursive self complication is not
random and others that will. However, on an imneitlevel we can all speak of some
phenomenon with infinite complexity. This to mdieg the notion that there is no such thing
as random.
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Appendix A

Code Samples:
Some Java and ‘C’ code has been provided to iltesssome of the concepts on this website.
It can be found here:
http://www.rankyouragent.com/primes/patn.java.htm
output:
http://www.rankyouragent.com/primes/patn.java.otitgti
A ‘C’ version
http://www.rankyouragent.com/primes/patn.c.htm
output:
http://www.rankyouragent.com/primes/patn.c.outptit.t

Sample output: ... visit the link for full output

Elemental(2f0+1,f0=1) = 100 -- shifted to align wit h f0 --> 100
Pat(2n+1,n=1) = 100

Size=3

Number of 1's = 1; 1/3 = 0.3333333333333333

Number of 0's = 2; 2/3 = 0.6666666666666666

Total Candidates= 1

Singleton Candidates = 0; 0/1 = 0.0

Twin Candidates = 1; 1/1 = 1.0

Elemental(2f0+1,f0=2) = 10000 -- shifted to align w ith fO --> 01000
Pat(2n+1,n=2) = 110100100101100

Size =15

Number of 1's = 7; 7/15 = 0.4666666666666667

Number of 0's = 8; 8/15 = 0.5333333333333333

Total Candidates=5

Singleton Candidates = 2; 2/5=0.4

Twin Candidates = 3; 3/5 = 0.6

Elemental(2f0+1,f0=3) = 1000000 -- shifted to align with fO --> 0010000

Pat(2n+1,n=3) =

111100100101100110100101101100110100110101101110100 1001011101101011001011001101101001011001101
00100111100

Size = 105

Number of 1's = 57; 57/105 = 0.5428571428571428

Number of O's = 48; 48/105 = 0.45714285714285713

Total Candidates= 33

Singleton Candidates = 18; 18/33 = 0.54545454545454 54

Twin Candidates = 15; 15/33 = 0.45454545454545453

Elemental(2f0+1,f0=5) = 10000000000 -- shifted to a lign with fO --> 00001000000
Pat(2n+1,n=4) = TOO BIG!
Size = 1155
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Number of 1's = 675; 675/1155 = 0.5844155844155844
Number of 0's = 480; 480/1155 = 0.4155844155844156
Total Candidates= 345

Singleton Candidates = 210; 210/345 = 0.60869565217
Twin Candidates = 135; 135/345 = 0.391304347826087

Elemental(2f0+1,f0=6) = 1000000000000 -- shifted to
Pat(2n+1,n=5) = TOO BIG!

Size = 15015

Number of 1's = 9255; 9255/15015 = 0.61638361638361
Number of 0's = 5760; 5760/15015 = 0.38361638361638
Total Candidates= 4275

Singleton Candidates = 2790; 2790/4275 = 0.65263157
Twin Candidates = 1485; 1485/4275 = 0.3473684210526

Elemental(2f0+1,f0=8) = 10000000000000000 -- shifte
Pat(2n+1,n=6) = TOO BIG!

Size = 255255

Number of 1's = 163095; 163095/255255 = 0.638949286
Number of 0's = 92160; 92160/255255 = 0.36105071399
Total Candidates= 69885

Singleton Candidates = 47610; 47610/69885 = 0.68126
Twin Candidates = 22275; 22275/69885 = 0.3187379265

Elemental(2f0+1,f0=9) = 1000000000000000000 -- shif
0000000010000000000

Pat(2n+1,n=7) = TOO BIG!

Size = 4849845

Number of 1's = 3190965; 3190965/4849845 = 0.657951
Number of 0's = 1658880; 1658880/4849845 = 0.342048
Total Candidates= 1280205

Singleton Candidates = 901530; 901530/1280205 = 0.7
Twin Candidates = 378675; 378675/1280205 = 0.295792

Elemental(2f0+1,f0=11) = 10000000000000000000000 --
00000000001000000000000

Pat(2n+1,n=8) = TOO BIG!

Size = 111546435

Number of 1's = 75051075; 75051075/111546435 = 0.67
Number of 0's = 36495360; 36495360/111546435 = 0.32
Total Candidates= 28543185

Singleton Candidates = 20591010; 20591010/28543185

Twin Candidates = 7952175; 7952175/28543185 = 0.278

align with fO --> 0000010000000

64
36

89473685
316

d to align with fO --> 00000001000000000

0081095
18905

20734063104
9368966

ted to align with fO -->

9551655775
0448344225

042075292628915
4707371085

shifted to align with fO -->

28236092888132
717639071118676

=0.7213984704229749
6015295770251



