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“I think that these observations should serve as an
antidote to the excessive egotism, competitiveness and
the foolish fights over priority that poison science. No
Scientific idea has only one name on it; they are the
Joint production of the best minds in the human race,
Building on each other’s insights over the course of
History,”*

* Concluding comments by Gregory J. Chaitin in his new book ‘Meta Math’
(Pantheon Books, New York, 2(M5), page 142.
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In Memoriam
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In Memoriam

Andrei Nikaevich Kolmogorov®
(April 23, 1903 - October 20, 1987)

* Cited from Notable Mathematicians (1998), edited by R.V. Young. New
York: Gale Publishing, pp. 284-286.
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The Abstract

The thesis will present a historical overview of Algorithmic Information
Theory/ Kolmogorov Complexity and define a new measure of Kolmogorov
Complexity as that having a lower boundary for the required metric for a

standard of randomness in a binary bit string.
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The Preface

This thesis started with a clear and defined idea of the topic, and through the
process of development has gone from a collection of research notes and
papers, to a frenzy of reading, revisions and historical and literary review.
Not unlike a Chinese fire drill. The examination of the lengths of binary bits,
like the question of the length of Lady Godiva’s hair, comes down to the very
long and the very short. In other words, a question of the infinite and finite.
Within these two quantities lies another group of qualities that will be
examined in this thesis: randomness and non-randomness as they relate to a
series of binary bits, strings, that make up the focus of Algorithmic
Information Theory and Kolmogorov Complexity. The research component
of this thesis is in addressing a new measure for the standard of randomness
in a binary bit string. This ‘sub-maximal measure of Kolmogorov
Complexity’ redefines the current notion of the measure of randomness in a

binary bit string.

I have included photographic plates of artwork 1 find pertinent to this
subject, as 1 have chosen the prints of M.C. Eischer and a sculpture by

Auguste Rodin for both esthetic and intellectual merits. Art and science are
Xiv



not unmutual and I find the art compliments the ideas found in this work.”

*“Note: A very odd, even bazaar, little book on art and science that involves

communication theory and Shannon’s information theory is John R. Pierce’s

Science, Art, and Communication (Clarkson N. Potter, Inc.: New York, 1968).
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Second Preface

The first preface was done at the conclusion of 2006 when I had originally
“finished’ the thesis, or rather the thesis had finished me, and 2007 was used
to develop the ternary, quaternary, and quincinary based systems for
communications applications. A poster on the quincinary based system was
delivered in January of 2008 and I began to revise this thesis in March of
2008. What marked my attention to this topic was my father’s interest in the
radix 5 based poster delivered in January 2008 as he thought it was a ‘clever’
idea and made contributions to the understanding of statistical
communication theory at a level that approached a novelty, his word for a
seminal concept, and felt it was on a standard of physics not unlike what was
awarded the Nobel Prize in Physics for 2007, Unfortuantely, my father
passed away on February 14, 2008, leaving me with the motivation to upgrade

this thesis and publish my ideas on the subject.
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The Introduction

The thesis addresses the history of Algorithmic Information Theory, also
known as Kolmogorov Complexity, with the research section adding to this
history with the examination of a ‘Sub-Maximal Measure of Kolmogorov
Complexity*. I will use the terms Algorithmic Information Theory and

Kolmogorov Complexity synonymously during the course of this thesis.

Landauer has stated that information has a physical form (Landauer, 1984:
161 and 1993). Landauer notes that the study of the ultimate limits in
computing is in its early stages and it is easier to ask questions than to answer

them (Landauer, 1984: 161).

The thesis is in some respects two divergent works in that the review of
literature is more a historical time line told as a story and the remaining
chapters the mechanics of Kolmogorov complexity. While not fiction, I am in
agreement with Levin (2006) that “science without storytelling collapses into

a set of equations or a ledger full of data™ (Levin, 2006: 45).

The index of terminology should help in defining major ideas found in this
thesis and the chapter on the history of algorithmic information theory gives a

2



short overview of it’s founding in the mid-1960’s to the present. The research
aspect to this work is in the chapter on a sub-maximal measure of
Kolmogorov Complexity that presents a new measure of the randomness of a
binary bit string. The section on binary, ternary and quaternary-based
systems of symbols is followed by a chapter on monochromatic and chromatic
symbols as they relate to writing, reading, and printing entropy and
information. The last chapter is on data compression for algorithmic
information theory and how this compression relates to fundamental aspects

of information theory.

In working on this thesis | am reminded of the comment by the Hungarian
biochemist Albert Szentz-Gyorgyi (1893-1986) that scientific research
involves seeing what everyone else has seen but thinking what no one else has

thought (Atkins, 2005: 113).
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Index of Terminology



Index of Terminology

Algorithm
The Laicization of the famous Islamic mathematician al-Khuwarizmi (783-

850) whose name translated to became Algorithm (Ifrah, 2000: 531).
Originally the name for the Indian system of a zero with nine digits, Algorism,
and the methods used by that system for calculation, it would ultimately
acquire the current usage, Algorithm, in the fields of applied and theoretical
computing (Ifrah, 2000: 531 and Ifrah, 2001: 74)). In this thesis, an algorithm
is a text that gives instructions on how to proceed from inputs to the result
(Jones, 1997: 12).

Algorithmic Information Theory

Also known as Kolmogorov Complexity (See Endnote# 1). Kolmogorov
indented in developing Algorithmic complexity as a measure of the
information content of individual objects (Li and Vitanyi, 1993/1997: 65).
Shannon (1948) considered information an ‘ensemble’ were as Kolmogorov
was only interested in “countable’ ensembles (Li and Vitanyi, 1993/1997: 65).
Kolmogorov complexity is the a string, a length of binary bits, that contains
‘regularities’ that allows it to have a shorter description than itself (Li and

Vitanyi, 1993/1997: v). In other words, the description of that length of
6



binary bits is compressible by the non-random sequence of binary bits or
strings (Li and Vitanyi, 1993/1997: v).

Alphabet

A fixed set of symbols in formal theory used to form strings. These symbols
may use the Roman alphabet, Arabic digits or a binary alphabet (Du and Ko,
2001: 1). A string of a binary alphabet is known as a binary string (Du and
Ko, 2001: 1),

Codes

Are procedures to represent data to be compressed based on probabilities
provided by a model.

Compression

A process of reducing the amount of information bearing units, usnally bits,
from the original size without the loss of the original information content.
Data

Data refers to the coded representations of numbers, alphabetic characters,
and special characters that are used to perform operations of computation
(Bitter, 1992: 223). Data are the units of ‘reality’, facts, perceived aspects of
the physical world, that when taken in context, become a form of information,
a unified meaning of the data. This thesis will examine data within the formal

T



context of information theory and Kolmogorov Complexity (Endnote# 2).
Digit

A single symbol or character representing an integral quantity (Richards,
1955: 5).

Entropy

Algorithmic entropy rate measures how random a process is when viewed as
a computer (Crutchfield, 2003: 38).

Functions

A mathematical function is a set (Jones, 1997:12). A function associates a
result with each input but does not say “how’ such a result can be computed
(Jones, 1997: 12).

Information

Information is dimensionless and represents pure numbers (Brillouin,
1956/1962: 3). It is represented by two letters or symbols, a [0] and a [1] of
which have no semantic meaning other than being the opposite of the other
symbol. Information is a form of entropy in that a certain expression can be
defined to measure the amount of information in a given operation (Brillouin,

1956/1962: 1).



Information and Meaning
The type of information addressed in this thesis is not the standard notion of

information, such as found in natural languages and the study of ‘semantics’,
but rather a precise and defined meaning the deals with the engineering
concept of signal content as a symbolic representation by way of a binary set
of notations, in this case being [1] and |0]. Natural languages have inherent
ambiguity that evades even the most accomplished ‘cartographers’ of the
structure of language. As an example, Chomsky uses as a *nonsensical’
sentence, but grammatically correct to a native speaker of the English
language, the following sentence: *Colorless green ideas sleep furiously’
(Chomsky, 1957: 15). Chomsky is being linguistically naive in that a poet,
perhaps a "beat’ poet, may consider it to have meaning well beyond the
‘normal’ mundane "everyvday’ use of speech (Endnote# 3). This is the main
reason why information theory, and Kolmogorov Complexity, are assigned
specific values that are binary in nature and only have the 'meaning’ of being
the opposite of the other, either a [0] or a [1].

Length

The length is the number of symbols contained in a string, hence the length of

a string (Du and Ko, 2001: 2).



A Turing Machine
A Turing machine is an abstract device, which performs a sequence of

elementary operations in a succession of discrete stages (Ifrah, 2001: 275).
The device has the following features (Ifrah, 2001: 275-276):

1.) A finite repertoire of symbols.

2.) A potentially infinite tape.

3.) An erasing device.

4.) A reading and writing device.

5.) A displacement device.

6.) A situation table.
7.) A control unit,

At each step of the process, the Turing machine will perform the following
(Ifrah, 2001: 276):

1.) The machine is controlled by current state of the control and what symbol,
in the square the reading and writing device is situated.

2.) Control maybe in either the initial state or change its state.

3.) The machine may remain in the same position move, either forwards or
backwards, one square.

4.) The machine may read, write or erase a symbol in the current square,

either replacing it with a different symbol or leaving the square unchanged
(Ifrah, 2001: 276).

Non-random
A word is nonrandom if any description of its creation is less large than at its

full representation bit by bit.

10



Numbers
A number is a quantity represented by a group of digits (Richards, 1955: 3).

Quaternary
A radix 4 based character system composed of four separate symbols.

Radix
The number of digit symbols employed in a system (Richards, 1955: 4).

Random

Knuth (1981) considers random sequences generated in a deterministic way
to be ‘psendorandom’ or ‘quasirandom’ in that they only ‘appear to be
random (Knuth, 1981: 4). The definition used in this thesis is as follows. A
word is random if any description of its creation is at least as large as its full
representation bit by bit (Hromkovie, 2004: 44).

Sequence
Sequences are usually infinite (Li and Vitanyi, 1997: 12).

Strings
A string is a finite sequence of symbols (Du and Ko, 2001: 1).

Symbol
The symbol 0 and 1 are elements of a character and are not to be confused

with the numbers zero and one (Casti, 1996: 140).

11



Ternary
A base 3 numerical system. Also known as a radix 3 numerical system

(Richards, 1955: 3-4).

Trits

A trinary digit that is a base 3 numeral system. Also known as a ternary
gsystem (Wikipedia, “Ternary Numeral System’ 2006: 1).

Words

Strings are called words. Relations between strings form a theory called

word theory (Du and Ko, 2001: 2).
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The Review of the Literature

The primary area of citations will come from Algorithmic Information
Theories’ founders: R. J. Solomonoff, A.N. Kolmogorov, and (zJ. Chaitin.
The most numorious citations have come from G.J. Chaitin. The most
authoritative text on Algorithmic Information Theory is from M. Li and P.
Vitanyi (1993/1997). I have taken the trouble to research timetables of
materials cited beyond mere publication dates because it can be years
between a papers submission date and publication date and that many
publications are small in-house company publications that can take vears to
get a proper referencing timeline. [ will give two examples. R. .J. ‘Ray’
Solomonoff is credited with being the first inventor of Algorithmic
Information Theory, also known as Kolmogorov Complexity, with his

publication in 1964 of a paper giving rise to the concept of this theory.

It was not until years later that Solomonoff*s 1960 technical report for the
Zator Company in Cambridge. Massachusetts (Technical Report ZTB-138)
was widely referenced as a ‘seminal’ paper in this field, only M., Minsky
referred to this early work, in January 1961, in the Proceedings of the .LR.E.
(Li and Vitanyi, 1993'1997: 89-90). Minsky cites Solomonoff’s 1964 paper in

15



his Computation:

Finite and Infinite Machines (1967) as a "great
philosophical importance’ for inductive inference (Minsky, 1967: 66). Both
Chaitin and Kolmogorov were unaware of Solomonoff’s 1960 paper as well
(Li and Vitanyi, 1993/1997: 92). A.N. Kolmogorov citing him only after
1968 (Li and Vitanyi, 1993/1997: 90). The information about the existence
of this paper was taken from the excellent account of the early history of
Algorithmic Information Theory by Li and Vitanyi (1993/1997) (Li and

Vitanyi, 1993/1997: 89-90).

Almost all the ‘general® histories of Algorithmic Information
Theory/Kolmogorov Complexity leave out Solomonoff®s 1960 paper and it is
generally considered to be the mid-1960's that these theories were *developed’
and published by Sclomonoff, Komogorov, and Chaitin. There has been a
considerable amount of time spent *cross-checking’ even *primary’ sources of
information in this field as a *selective memory® seems to be a common
denominator in presenting the priority of the *who, what, and when’ of

Algorithmic Information Theory (Endnote# 4).

In 1965, when G.J. Chaitin was an 18 year old student at the City College of
the C.U.N.Y. system, he submitted two papers to the “‘Journal of the ACM"* of

16



which one was published in 1966 as the ‘complexity of algorithms following
Shannon’s coding concept’s and the other, published in 1969 that puts
forward the idea of * Kolmogorov complexity’ (Li and Vitanyi, 1993/1997: 92).
In other words, the submission times of both papers occurred around the
mid-1960 as did Solomonoff’s (1964) and Kolmogorov's (1965) papers. The
date of publication does not always accurately reflect the date of an idea or
concept, let alone the date of the submission of the papers of that idea.
Chaitin notes in this book *The Unknowable’ (1999) that it was ‘unfortunate’
that the editor delayed publication of the *second’ paper, they were originally
submitted as one paper, and that the referee, a Donald Loveland,
‘immediately’ sent the entire uncut original paper to Kolmogorov in Moscow

(Chaitin, 1999: 85).

Chaitin would be awarded the Belden Mathematical prize and the Nehemiah
Gitelson award while as a student at City College (Chaitin, 2005: 34). Chaitin
was in his second year at City College, 1965, when he was excused by the
Dean to prepare his paper, ‘papers®, for publication, ultimately in the ACM
Journal of 1966 and 1969 (Chaitin, 2005; 121-122). Chaitn’s first publication
was while he was a student at the Bronx High school of Science “An

improvement on a theorem of E.F. Moore” in the IEEE Transactions on
17



Electronic Computers (EC-14) (1965), pages 466-467 (Chaitin, 1999: 85) and
(Li and Vitanyi, 1993/1997: 92). Chaitin was “self-educated’ and does not

posses a college degree (Chaitin, 2002: 66).

Some noticeable traits or characteristics were discovered when compiling this
review of literature. The first is that Algorithmic Information Theory, or AIT,
is also known as Kolmogorov Complexity and depending on the *bias’ of the
individual writing on this topic will term it as either, and sometimes as both,
names. M. Gell-Mann, the Noble Prize winning physicist, has termed it
Algorithmic Information Content, or AIC, but this just refers to the number
of bits needed to store a computer program (Gell-Mann, 1994: 38-39 and
Chaitin, 2006: 76) and (Endnote# 5). I have found that Chaitin will use
Algorithmic Information Theory while others, usually those from the
Continent, will use Kolmogorov Complexity. The New Encyclopedia
Britannica (2005) lists Algorithmic Information Theory within the entry for

Information Theory (Ge, 2005: 637).

Perhaps it is a nationalistic preference in such naming as [ have noticed that
some papers, such as Uspensky (1992), that disregard Chaitin’s contribution
to Algorithmic Information Theory altogether while citing Kolmogorov as

18



the sole inventor of the process. Uspensky even down plays Ray Solomonoff’s
contribution to the theory in his early paper of 1964 that was, according to
Uspensky, unknown to Kolmogorov, who published his results in 1963.
Uspensky even states that Solomonoff”s 1964 paper “presented some similar
ideas - but in a vague and rather non-mathematical manner” {Uspensky,
1992: 96). Uspensky does not elaborate what is *vague’ or is “non-
mathematical’ about Solomonofl’s paper but given the fact that Uspensky has
stated that the purpose of Kolmogorov’s 1965 paper was to bring the notion
of complexity to the foundations of information theory, places this
comparision in some illustrious company as it was Claude Shannon’s ground
breaking work ‘The Mathematical Theory of Communication’ in 1948 that
gave rise to information theory that was considered by many of Shannon’s
peers to be not mathematical at all (Shannon and Weaver, 1949, Gilbert,

1966: 320, and Doob, 1949 and 1939).

Chaitin also states that Solomonoff’s papers, published in Information &
Control, in two parts, that Solomonoff’s *math isn’t very good and he doesn’t
really succeed in doing much with these ideas’ (Chaitin, 1999: 86). Chaitin
does not mention SolomonofT’s earlier work (1960) in this book. Chaitin

does mention Solomonoff’s 1960 paper in his historical introduction to the
19



*Algorithmic Information Theory’ paper published in the Journal of IBM
Research and Development (1977) and claims it as being *the first ideas on
algorithmic information theory’ that were cited from Minsky’s paper of 1961
(Chaitin, 1977: 350 and Chaitin, 1987: 38). Chaitin also mentions himself,
Kolmogorov and Martin-Lof, along with Solomonoff, as independent
contributors to the development of algorithmic information theory (Chaitin,
1987: 39). Chaitin does not mention Kolmogorov's 1968 paper on the subject
until 1970 in the ‘amended’ section of the references to a paper dated that

year (Chaitin, 1987: 22).

In the Encyclopedia of Mathematics (1988) Barzdin describes an entry to
Algorithmic Information Theory that cites Kolmogorov, and Martin-Lof, but
fails to give credit to Solomonoff and Chaitin (Barzdin, 1988: 140-142). In a
following ‘editorial comment’ to the Barzdin entry an editor describes the
history of algorithmic information theory as being ‘originated in the
independent work’ of Solomonoff, Kolomogorov and Chaitin (Barzdin, 1988:
142). This divide does not have the rancor that one would find in the
Behavior verses Innate debate found in the fields of psychology and
linguistics, especially the Skinner (behavorist school) verses the Chomsky

{cognitive school) debate, but there is a line of demarkation.
20



My initial introduction into the field of Algorithmic Information Theory was
Chaitin’s work that was popularized in ‘Scientific American’ in 1975. Itis
interesting to note that Chaitin considers his ACM Journal paper of 1975 to
be the start of Algorithmic Information Theory and that the early works are
just the ‘pre-history’ of the field (Chaitin, 1999: 88). This is also another
good way to ‘eliminate’ the contributions of both Solomonoff and
Kolmogorov to Algorithmic Information Theory. Now while Chaitin is one
of the founding three of Algorithmic Information Theory, along with
Solomonoff and Kolmogorov, he is the most active of the three in
‘popularizing’ it to the general public with such works as ‘“The Unknowable

*(1999) and ‘Exploring Randomness’ (2001).

As Chaitin has stated in one of his books: “I publish many, many books and
papers on AIT. AIT is my life” (Chaitin, 1999: 86). A.N. Kolmogorov died
on October 20, 1987 and only wrote a few early papers on the subject (Young
and Minderovic, 1998: 284-286). Solomonofl has written his autobiography
(Notes on Artificial Intelligence, Volume 904, Springer-Verlag, 1995, pages 1-
18). In this interesting account of his intellectual life, Solomonoff cites
Chomsky’s 1956 formal language paper titled *"Three models for the

21



description of language’ as being ideal for induction (Solomonoff, 1995: 9).
Algorithmic probabilities obtained probabilities from compression and
Huffman (1952) and information theory codes, Shannon's information theory
(1948) that could *pack’ information into bits, use probabilities to compress

information (Solomonoff, 1995: 12).

Solomonoff notes the Kolmogorov was interested in the complexity and
randomness of strings and the stochastic properties based on length of codes
but adds the comment “Strangely enough, he did not appear to be interested
in inductive properties” (Solomonoff, 1995: 18). He mentions Chaitin’s work
(1966 & 1969) on defining randomness in terms of program length but
comments that Chaitin did not investigate the idea of the *goodness’ of a
theory in relation to it’s program (Solomonoff, 1995: 18). Solomonoff cites
Schnorr’s paper (1973) on ‘process complexity’ as being the negative
logarithm of what he had defined to be Algorithmic Probability (Selomonoff,
1995: 19). SolomonofT uses the term “brilliant associates’ to describe those
who had developed Algorithmic probability beyond his and Kolmogorov's

pioneering work (Solomonoff, 1995: 18).

Solomonoff attended the University of Chicago, 1946-1950, were he later

22



obtained a Master’s of Science degree (Li and Vitanyi, 1993/1997: 89).
Solomonoff’s intent in formulating a general theory of inductive reasoning
was to develop a complete system that would overcome those shortcomings
found in Carnap’s Logical Foundations of Probability (1950) (Li and Vitanyi,
1993/1997: 89). Carnap was a lecturer of Solomonoff’s while he was an
undergraduate (Li and Vitanyi, 1993/1997: 89). An interesting note is that
Kolmogorov Complexity was an ‘auxiliary’ concept used to obtain a universal
‘a prior’ probability that was able to prove the invariance theorem by
SolomonofT in his 1964 paper (Li and Vitanyi, 1993/1997: 89-90 and
Solomonoff, 1964). What comes across in Chaitin’s books is his rather ‘self-
centered’ assessment of his place in the history of the founding of Algorithmic
Information Theory. Take a look at the following line from his new book
‘Meta Math® (2005):
In fact, you can only appreciate Leibniz if you are at his level. You can
only realize that Leibniz has anticipated you after you've invented a new
field by yourself...which has happened to many people. In fact, that’s
what happened to me. Iinvented and developed my theory of algorithmic
information (Chaitin, 2005: 58).
From a literary stand point, it is clear that Chaitin is using Leibniz as a
metaphor for himself. From the fact that Chaitin does not mention either

Solomonoff or Kolmogorov as being a co-inventor’s of Algorithmic

23



Information, it can be judged by the very lack of their inclusion in the book
that both Solomonoff and Kolmogorov are to represent ‘Newton’ to Chaitin’s

Leibniz.

The fact that Chaitin even calls Newton a ‘rotten human being’ and that he
was ‘inferior’ as both a mathematician and a philosopher to Leibniz only
adds to this speculation (Chaitin, 2005: 57). Chaitin concludes his book,
‘Meta Math®, with the following passage:
I think that these observations should serve as an antidote to the excessive
egotism, competitiveness and the foolish fights over priority that poison
science. No scientific idea has only one name on it; they are the joint
production of the best minds in the human race, building on each other’s
insights over the course of history (Chaitin, 2005: 142).
I do not know whether to call this passage a comedy or a tragedy? It has the
qualities of being both in that Chaitin is both a victim, in that his
contemporaries, his peers, have termed it ‘Kolmogorov’ complexity, and as a
perpetrator, in that Chaitin has ‘excluded’ both Solomonoff and Kolmogorov
in the very book he states his ‘plea’ for a fair and impartial science. A very
odd and pathetic testament to the legacy of this ‘study of complexity’.
Grattan-Guinness’s review of Chitin’s ‘Meta Math’ book in Nature (2006)

notes that Chaitin fails to qualify logic from meta-logic and once even *states

it quite wrongly’ (Grattan-Guinness, 2006: 791).
24



Grattan-Guinness also mentions that the book would be served well if some
other, non-biological types of complexity, had been used such as “A.N.
Kolmogorov in the 1960°s* who had concurrent developments to complexity
theory (Grattan-Guiness, 2006: 791). In fact, Chaitin has written ‘Meta
Math’ to stand alone with only Chaitin’s contributions to the field of
Algorithmic Information Theory being included in the development of the
ideas behind the theories that gives the impression that it is only Chaitin’s
theories that have merit. By focusing only on biologically related complexity,
Chaitin has excluded both Solomonoff and Kolmogorov's contributions to
complexity theory. Grattan-Guiness comments on the style of the book as
being better suited to a ‘internet chat-room than a book’ and concluded the
review with the following lines ‘It is nice to have popular books on modern
mathematics, logic and science. But it is nicer if they are prepared with care’

(Grattan-Guiness, 2006z 791).

Meta Math is also reviewed by Lanier (2006) but Lanier keeps his review
focused on the merits of Chaitin’s book rather than its idioscracies (Lanier,
2006: 269-271). First, Lanier likes Chaitin’s book and, more importanily, he
likes his work (Lanier, 2006: 269. Possibly the most telling remark in the
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book review is the following:
If there was a prize for books with real live math equations that can hold
the attention of reader’s who lack technical training, I’d nominate this one
(Lanier, 2006: 269).
Lanier seems to understand that the average person reading a book on *math’
has little, or if American, no experience with even basic mathematics, let alone
difficult conceptual models and philosophies being proposed by Chaitin.
Perhaps Chaitin is the necessary ‘cheerleader’ for modern ‘mathematical’
philosophies that can break into the void called modern living. It is clear that
other disciplines, most notably physics, have turned to such stylistic devices as

‘pop-culture’ allegories, wit, and graphic illustration, sometimes hand-drawn,

to present the physical sciences to the lay public (Randall, 2005).

Raatikainen reviews two of Chaitin’s books in the Notice of the AMS (2001).

Raatikainen reviews both Exploring Randomness (2000) and The

Unknowable (1999) both by (iJ. Chaitin. Raatikainen starts by giving a

history to Algorithmic Information Theory by starting with the work of Godel
and Turing. He then proceeds to the concepts behind algorithmic complexity.
Raantikainen begins his attack on Chaitin’s ideas on the philosophical level
by noting that Chaitin is ‘simply wrong’ in that there is no direct dependence

between the complexity of an axiom system and its power to prove theorems
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and that there relevance for the foundations of mathematics has been greatly

exaggerated (Raatikainen, 2001: 995).

Raatikainen makes the comment that Chaitin does not respond to eriticism
of his work but simply evades difficult questions and that his, Chaitin’s,
writing begins to resemble the *dogmatism’ of his ‘opponents’ (Raatikainen,
2001: 996). He also calls Chaitin ‘megalomaniacal® in some of his
pronouncements on Algorithmic Information Theory and that Chaitin is ,
according to Gacs (1989), trying to present himself as the sole inventor of the
main concepts and results of this complexity theory (Raatikainen, 2001:

996). Raatikainen has addressed Chaitin’s claims in an earlier paper (2000)
and finds Chaitin’s results as being ‘rather non-dramatic’ and are the *simple
consequences of Turing’s classical result concerning the undesirability of the

halting problem’ (Raatikainen, 2000: 218).

Raantikainen has published his doctorial dissertation, titled *Complexity,
Information and Incompleteness’, (1998) that re-examines Chaitin’s theories
behind Algorithmic Information Theory and finds them, on both a
mathematical and philosophical level, not all that they are claimed by
Chaitin (Raatikainen, 1998). Raatikainen had published a paper, from his
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work on the dissertation, in the ‘Journal of Philosophical Logic’ (1998) that
reiterates what is found in the body of the doctorial work (Raatikainen,
1998a). Chaitin’s constant, Omega, is a real number whose digits are equi-
distributed and which expresses the probability that a random program will
halt Omega (Wikipedai, ‘Gregory Chaitin’). Raatikainen has raised doubts
about the ‘genuine’ randomness of Chaitin’s Omega and that even a
‘plausible’ definition of randomness that can count such sequences as random
and even if the Algorithmic theory of randomness is the most ‘perfect’
possible theory for randomness (Raatikainen, 2000: 221). One can only
imagine what Raatikainen thinks about Chaitin’s ‘Super Omega’ (Chaitin,

2006 and New Scientist, 2001).

Lloyd, in his book on quantum computers (2006), makes the aside: “Perhaps
worse, | inadvertently insulted Gregory Chaitin at a lunch by making a joke
about people who believe in the healing power of crystals, unaware that he
kept a large crystal in his living room because it helped him concentrate”
(Lloyd, 2006: 213). Lloyd makes the comment in his book that Chaitin had
originally termed algorithmic information as *algorithmic complexity’ but
found the quality of randomness to be the trait found in bit strings with high

algorithmic information content (Lloyd, 2006: 188). Lloyd’s book is reviewed
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by Schmidhuber in the American Scientist (Schmidhuber, 2006: 364-365). In

this review Schmidhuber notes:

In fact, Lloyd’s belief in true randomness also seems inconsistent with his
invocation of Ockham’s razor, which favors simple explanations of the
universe’s history over complex ones. According to both standard and
algorithmic information theory, true randomness actually corresponds to
maximal information, complexity and description length, the opposite of
simplicity (Schmidhuber, 2006: 364).

Schmidhuber continues:

The book is least convincing when it comes to the topics of complexity,
entropy and algorithmic information. Lloyd compares random events at
the quantum level to monkeys typing a random program on the universal
computer; this is linked to Ray Solomonoff’s basic concept of algorithmic
probability theory-namely, that short random programs are more likely
than long ones. However, the point of Solomonoff”s approach is that some
programs can remain short by ceasing to read new input bits. This
essential feature seems absent from Lloyd’s setup, which demands the
permanent creation of new bits corresponding to never-ending programs,
thus making each “program” extremely unlikely (Schmidhuber, 2006: 364).

Schmidhuber concludes with the statement:
Generally speaking, the connections between Lloyd’s model of quantum
processing and algorithmic information theory seem vague (Schmidhuber,
2006: 364).
This is not to say he is not a founding member of Algorithmic Information
Theory’s discovery, but rather he has a very ‘overwhelming’ sense of
importance in the ‘founding’ of this theory, some times at the expense of the

other iwo founding member’s contributions. This can also be seen in some
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of the works of his peers such as John L. Casti’s ‘Five Golden Rules’ that
states in the bibliography section of Casti’s book that Chaitin’s book
‘Information, Randomness and Incompleteness’ (1990) tells “the complete
story of Chaitin’s independent discovery of algorithmic complexity and its

connections with randomness™ (Casti, 1996: 222).

Chaitin even thanks Casti in the preface section of his book ‘Conversations
with a Mathematician® (2002) for “explaining my ideas so well” (Chaitin,
2002: vi). Chaitins book *Information, Randomness and Incompleteness’ is a
selection of his papers and not new material to the field of complexity.
Chaitin, in his book ‘Exploring Randomness’ (2001) states that Solomonoff*s
early work regarding a theory is more like a program: ”"Ray Solomonoff did
some thinking along these lines for doing induction®, as if Solomonoff’s 1960
and 1964 papers did not address these issues up to half a decade before
Chaitin (Chaitin, 2001: 18). Perhaps this was done to offset Kolmogorov's
legacy as a ‘Great Man’ in mathematics, one of the last true *‘man of all
seasons’ that contributed to the many fields of mathematics during his life

time (Young and Minderovic, 1998: 284-286).

Even Uspensky®s (1992) previously mentioned paper failed to cite Chaitin as a
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founding member of Algorithmic Information Theory. Whether Chiatin's
‘self promotion’ is a result of this type of revisionist history is similar to
asking ‘What came first the chicken or the egg?’ type of question. There is
no easy answer to this type of question. Chaitin has a short biography in his
‘collected papers’ book (1990) and has a rather slim book that was published
as ‘Conversations with a Mathematician® that has an “infectious enthusiasm’
for his subject: Algorithmic Information Theory (Chaitin, 2002). There was
a ‘book review’ in “Popular Science’ that finds it’s structure ‘bitty’ and a
“trifle slim®, but still a ‘highly recommended hook’ that ‘opens’ the way the
mathematical minds works (Popular Science: Book Review). In the preface to
this book (2002) Chaitin states:

My goal was for this book to be light and bubbly like champagne, to show

that math and science are fun. Read it and tell me if you think I

succeeded! (Chaitin, 2002: v).
What more can one say? At least Chaitin gives some eredit to the ‘other’
creators of Algorithmic Information Theory with the line “in the 1960°s I, and
independently some other people, came up with some new ideas” (Chaitin,

2002: 28).

My own work in the field of Algorithmic Information Theory/Kolmogorov

Complexity is the research subject of this thesis *The Sub-Maximal Measure
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of Kolmogorov Complexity’. From the early work on this idea in 1998-
2000, an unpublished paper resulted (2001), with the first publication of the
idea (2003) from an earlier unpublished manuscript (copy-righted in 2000) 1
have gradually developed this idea over time to get to this stage of the
research. My first introduction to Algorithmic Information Theory came by
way of my interest in theoretical linguistics, Chomsky, that in turn, lead to
theoretical computer science, and finally to Algorithmic Information Theory
(Endnote# 6). The ‘Scientific American’ magazine article by G.J. Chaitin
(1975) was my first true introduction to Algorithmic Information Theory. (See
Endnote# 7). The research for this idea was done at Advanced Human Design

that is located in Cupertino, California U.S.A. (See Endnote# 17).

Kolmogorov developed complexity theory from information theory.
Information Theory was developed over the years 1941 to 1948 by Claude
Shannon (April 30, 1916 - February 24, 2001) refining his idea for publication
in the Bell Laboratories technical journal in a two part article titled *A
Mathematical Theory of Communication’ in 1948. Bell Telephone
Laboratories are the research and development arm of At&T with a history
starting with Western Electric, a subsidiary of AT&T, and was formalized as

a laboratory in 1925 (Hugill, 1999: 54). Shannon, with Warren Weaver,
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would publish the book version in 1949. Warren Weaver was a
mathematician and it was he who titled the co-anthored work, with Shannon,
“The Mathematical Theory of Communication™ to emphasis the definitive
nature of the work (Solana-Ortega, 2002: 461). Some early works on

information theory are Abramson (1963), Ash (1965),

Fano (1961) and Khinchin (1957). Some current publications on information
theory are Cover and Thomas (1991), Kahre (2002), and Hankerson (2003).
An important collection on information theory papers is Verdu (1999) with
the book ‘Information Theory: 50 Years of Discovery’ that contains 25
important papers, mostly from the LE.E.E. Society Information Theory
group, that was founded in 1953, and published in their journal. Another
collection of information theory papers is the ‘Claude Elwood Shannon
Collected Papers’ (1993) published by the L.E.E.E. Press and edited by Sloane
and Wyner (Endnote# 8). It is interesting to note that Shannon, as a boy
growing up in Gaylord, Michigan, he worked as a messenger for Western

Union {Wikipedia: 1).

Shannon used teletype and the telegraph as examples of discrete channels for
transmitting information in his book, with Weaver, *The Mathematical
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Theory of Communication® (Shannon and Weaver, 1948: 7). It is a sign of the
times that Western Union has discontinued their telegram service, as of the
end of January 2006, in the face of the growing use of instant messaging and
e-mails (BBC News, 2006: 1-4). This ends an ‘era’ that had lasted for over

one hundred and fifty years of service.

The only citations that question Shannon’s Information Theory are those
found in Gilbert (1966) by Doob (1949 and 1959) that raise the question of the
mathematical soundness of information theory (Gilbert, 1966: 320 and Doob,
1949 and 1959). Gilbert's article (1966) is a bit cynical and seems to have all
the markings of ‘sour grapes’ especially in the light that he, Gilbert, is also a
member of the mathematical and statistical center at Bell Laboratories in
Murry Hill, New Jersey, the same division and company as Shannon, and it
takes little effort for Gilbert to find a host of *problems’ inherent in
Shannon’s information theory (Gilbert, 1966). Joseph Leo Doob (1910-2004)
was an American mathematician who specialized in analysis and probability

theory (Wikipedia, “Joseph Leo Doob®, 2006: 1-3).

I have vet to see feedback to Doob’s two articles, 1949 and 1959, challenging

Shannon’s mathematical soundness of information theory, especially as both
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men are well respected in their respective fields. In Doob's 1949 review of
Shannon’s “A mathematical theory of communication” (1948) in
Mathematical Reviews (1949) Doob makes the comment “The discussion is
suggestive throughout, rather than mathematical, and it is not always clear

that the author’s mathematical intentions are honorable” (Doob: 1949: 133).

Doob’s 1959 Mathematical Reviews citation taken from Gilbert (1966) seems
to be a ‘phantom’ review as none of the 1959 reviews deal with Shannon’s
work and that both the volume and number to the 1959 edition of
Mathematical Reviews, Volume 5, Number 3, are for March 1944 (Gilbert,
1966: 326). Gilbert (1966) has raised what seems to be a rather mute point by
1966 in that A.I. Khinchin produced the first mathematically exact
presentations of information theory before the 1960°s (Reza, 1961: 13 and

Khinchin, 1957).

Shannon defines ‘information’ as being a form of entropy (Shannon and
Weaver, 1949: 18), The concept and semantics of ‘information’ is addressed
by Solana-Ortega (2002) as it relates to Shannon’s original description and
presents a case for defining a prune as a dried plum. Solana-Ortega (2002)
has sub-titled his paper ‘A Homage to Claude E. Shannon’ when in factitis a

tribute article to Edward T. Jayynes who revised the definition of
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‘information’ to become the Maximum Entropy Method (Solana-Ortega,
2002: 459). Solana-Ortega (2002) comments that Shannon had originally
wanted to define what he would later term ‘entropy’ as ‘information’ but
thought that it was an over-used term and tried ‘uncertainty’ but after talking
with John von Neumann he settled on the word ‘entropy’ (Solana-Ortega,
2002: 464). Solana-Ortega (2002) also mentions Bar-Hillel’s definition of
Shannon’s entropy as being the rarity or improbability of the kinds of symbol

sequences (Solanan-Ortega, 2002: 464).

Some have criticized the model Shannon used for information theory as it
seemed to belong to a ‘transmission’ model of communication that treated
information as a ‘commodity’ or “entity’ that can be transported from one
point to another point along a communications pathway (Solana-Ortega,
2002: 465). Shannon comments in his book (1949) “The fundamental problem
of communication is that of reproducing at one point either exactly or
approximately a message selected at another point” (Shannon and Weaver,
1949: 3). Shannon (1949) continues “The significant aspect is that the actual
message is one selected from a set of possible messages™ (Shannonand Weaver,
1949: 3). Both Shannon and Weaver (1949) emphasize that ‘information’

must not be confused with ‘meaning’, or as Shannon terms it, a ‘semantic’
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aspect to communication (Shannon and Weaver, 1949: 399).

As Singh (1966) reconfirms Shannon’s definition as “the message actually
transmitted is a selection from a set of possible messages formed by sequences
of symbuols of its own repertoire” (Singh, 1966: 12). Singh (1966) continues
“the communications system is designed to transmit each possible selection,
not merely the one that happened to be actually chosen at the moment of

transmission” (Singh, 1966: 12).

Algorithmic Information Complexity, or AIC, has the following properties
{(Sommerer and Mignonneau, 2003: 87):

1.) The more ordered the string the shorter the program. Less complex.
2.) Incompressible strings are indistinguishable from random strings.

3.) Most long strings are incompressible.

4.) You cannot prove that there are strings above a certain fixed level of
complexity using formal systems.

5.) In general it is incomputable.

The Algorithmic Information Complexity, AIC, of symbols is the length of the
shortest program to produce it as an output (Sommereer and Mignonneau,
2003: 57). Note that the anagram AIC is also used to denote Algorithmic
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Information Content. Both Sommereer and Mignonneau (2003) state that
algorithmic information complexity and computational complexity have meet
with great success in measuring complexity (Sommerer and Mignonneau,
2003: 57). Computational complexity tries to classify solvable problems
according to their intrinsic computational difficulty (Sommerer and

Mignonneau, 2003: 88).

It was not until that late 1960%s and early 1970"s that “structural complexity
theory® developed by Cook (1971) and Karp (1982) allowed for this type of
development (Sommerer and Mignonneau, 2003: 88-89). Selman (1986) edits
the proceedings from the ‘structure in complexity theory’ that took place at
the University of California in 1986 (Selman, 1986). The first person to
address how difficult it is to compute some function was Rabin (1959 and
1960 ) (Jones, 1997: 24). Blum (1967) would introduce a general theory of
complexity independent of any specific model of computation (Jones, 1997:

24).

Concepts and terminology on transmission errors in information theory can
be found in Hankerson, Harris, and Johnson (1998) and Klir (2006).
Information and coding theory can be found in Jones and Jones (2000). Early
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work on transmission theory can be seen in Nyquist (1924) and Hartley
(1928). Hartley is given credit for being the first to use the term
‘information’ in the technical sense in his 1928 paper (Millman, 1984: 48 and

Hartley 1928).

Hartley studied the basic relationship between the width of frequency band
and the capacity of a system to transmit that *information’ (Fagen, 1975: 909).
Nyvguist’s work with the behavior of digital and analog signals resulted in
major contributions to the advancement of transmission technology (Fagen,
1975: 766). Foundational work on the properties of “noise’ in an electrical
system was done by J.B. Johnson and published in the Physical Review,

Volume 32, Number 97 in 1928 (Williams, 1978: 1248).

But it would be Claude Shannon, hired in 1941 by Bell Laboratories, for his
ground breaking Master’s thesis that used use Boolean algebra and symbolic
logic for the synthesis, analysis, and optimization of relay circuits, to take
information theory to the summit of development (Fagen, 1978: 165) and
{(Endnote# 9). Reza (1961) notes that A.N. Kolomogorov has contributed to
the development of information theory and that A.L. Khinchin produced one
of the first mathematically exact presentations of information theory (Reza,
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1961: 13). Reza (1961) remarks that work of E.C. Cherry had attributed the
early development of telecommunications as being a part of one of the fields
that helped shape the development of information theory (Reza, 1961: 11).
Needham (1996) makes the following comment on the relationship between
the computing industry and the communications industry:
The communication industry is used to regulating heavy long-term
investment: high utilization of plant, striving for good uniform quality of
service, The computer industry is the most unregulated there is; it sees five
years hence as infinity; most of the things it sells are heavily underutilized;
it depends on maximum speed to market (Needham, 1996: 291).
The following result is noted by Needham (1996):
To the computer person the communications industry is ponderous, slow,
overcautious; congenitally fussy. To the phone company man the computer
industry is archaic, has a throw-away culture, is wasteful, peddles
unreliable trash (Needham, 1996: 291).
Shannon makes the comment in his book *The Mathematical Theory of
Communication®, in a footnote, that communication theory was ‘indebted’ to
Norbert Wiener for much of its basie philosophy and theory (Shannon and
Weaver, 1949: 52) and (Endnote# 10). Shannon cites Wieners (1949) early
work on communication theory as being a statistical problem and Wieners’

work (1948) on communication and control in general (Shannon and Weaver,

4949: 52-53). Wiener would later be known for the concept of ‘eybernetics’
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and would write a treaty on concerns over technology and human freedom
(1950). Some comments on Wiener’s eybernetics and social organizations can

be found in Masani (1989) (Masani, 1989: 330-331).

Wiener wrote in the definition to the entry ‘Cybernetics’ in the Encyclopedia
Americans as “a word coined by Norbert Wiener” that according to
Watanabe (1985) had been actually used by Andre Ampere a century before
Wiener and used by Plato even earlier in describing processes that 'influence’
and 'control’ a natural order (Wiener, 1985: 215 and 804) Wiener cites his
work in communications engineering as being similar to Shannon’s work
(1948) as far as results are concerned (Wiener, 1949/1985: 198). Mindell
(2002) contends that the convergence of communication and control predated
Wiener's cybernetics in the form of interwar engineering developments:
gunfire control, aircraft and ship control, communications engineering, and
early conirol theory (Mindell, 2002: 120). Wiener articulated cybernetic
theory, but did not originate it (Mindell. 2002: 120). Wiener failed to cite in
his works the early developmenis of Elmer Sperry, Nicholas Minorsky,
Harold Black, Harry Nyquist, Hendrick Bode, or Harold Hazen, all of which

predate Wiener’s cybernetics (Mindell, 2002: 286).
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Chaitin would use a similar technique to ‘remove’ the competition of a
‘original® idea many decades later. Wiener cites Kolmogoroff’s 1941 paper as
paralleling his own work that started at about the same time and was done for
the Mational Defense Research Commifttee, section D, while at MIT
(Kolmogoroff, 1941 and Wiener, 1949: 59 and Wiener, 1958: 126). Wicner
would later write about his childhood, he was a gifted child, in his
autobiography (1953) and his adult years (1956). Conway and Siegelman

(2004) have written a biography of Wiener that covers this unusual man’s life.

Cybernetics would by the 1960’s fall out of favor, at least in the United States,
and be replaced by other scientific ‘fads’ such as ‘catastrophe theory’ (Thom,
1975) that would, ultimately, be replaced by newer theories (Horgan, 1996;
207-208). Does anyone remember ‘fuzzy logic’? (See Endnote# 11) Even
‘chaos theory’, given wings by the book by Gleick (1987), was given a re-
evaluation by one of its founders, Ruelle (1991), with hopes that it will again

find some legitimacy in academic circles (Horgan, 1996: 208-209).

The current scientific battle is with Stephen Wolfram's book ‘A New Kind of
Science’ (2002), that has Wolfram, an ‘overall boy wonder’, accused of “not
being meticulous’ with crediting other peoples contributions to Wolfram's

42



work (Wright, 1988: 62). In this case it is Ed Fredkin, who's work predates
Wolfram’s by decades, but who has published little in the area of ‘cellular
automata’ that was developed from the early work of von Neumann and
Stanislaus Ulam (Fredkin and Toffoli, 1982). Some reviews on Wolfram’'s ‘A
New Kind of Science’ commented on the size of the book, 1197 pages in length,
(Matthews, 2002), while others called his work a *silly book® (Derbyshire,
2002: 1) because of Wolfram’s vanity, carelessness, and error in the

production of his ‘self-published’ book (Derbyshire, 2002: 4).

Schmidhuber (2003) in a letter to a physics journal has claimed that Wolfram
has 'borrowed’ earlier ideas of the concept of the universe as a computer
program from Konrad Zuse, of early computer fame, who published his ideas
in a 1967 paper (Schmidhuber, 2003: 2). Aaronson (2001) in his review of
Wolfram’s book finds that the end notes, of which there are 349 pages worth,
make better reading than the main text of A New Kind of Science’ and that
when Wolfram cites original material to his topic, he is quick to call it

*misguided’ or ’irrelevant’ to his scientific 'discovery’ (Aaronson, 2001: 96).

Weinberg (2002) perhaps raises the most important guestion about Wolfram’s
work: why hasn’t the problem of defining complexity been stated, let alone
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been proved? (Weinberg, 2002: 9). This is a fundamental question to ask
about any work, let alone a “new science’. Gray (2003) reviews Wolfram’s
work and states that Wolfram’s focus is on “discrete’ systems, like cellular
automata, and while being impressed with the scope of the book, is not
convinced that it is a new science {(Gray, 2003: 200-201). Many of the
reviewers that had reviewed the book used the anagram *ANKS’, for *A New

Kind of Science’. | guess to save on ink and paper.

Some serial publications on Algorithmic Information Theory/ Kolmogorov
Complexity are as follows: Algorithmic Learning Theory (Lecture Notes in
Computer Science), a bound proceedings of the Algorithmic Learning Group,
usually an annual event, The International Series in Engineering and
Computer Science (Springer-Verlag), Texts in Theoretical Computer Science,
An EATCS Series, also by Springer-Verlag, Cambridge Nonlinear Science
Series (Cambridge University Press), Studies in the Sciences of Complexity
(Addison-Wesley Publishers), and Texts in Computer Science (Springer-
Verlag).

Dissertations on Algorithmic Information Theory/ Kolmogorov Complexity
are a growing category: Ronneburger (2005) from a dissertation titled

‘Kolmogorov Complexity and Derandomization’ that was awarded in 2004
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by Rutgers, the State University of New Jersey and examines different notions
of resource-bounded Kolmogorov complexity. Popel’s (2000) dissertation is
on ‘Information Theoretic Approach to Logic Functions Minimization® at the
Technical University of Szezecin, Szezecin, Poland. Sow’s (2000) Ph.D.
dissertation from Columbia University is titled * Algorithmic representation of

visnal information’.

Note: 1 was unable to review the book ‘Kolmogorov Complexity and
Randomness’ (North-Holland Mathematical Library Series) because it will
not be published until November 1, 2006. Also *Algorithmic Information
Theory: Mathematics of Digital Information Processing’ by Peter Seibt

(Springer-Verlag) will not be published until November 2006.

Huffman Coding, Huffman’s algorithm, was discovered in 1951 by David
Huffman, a graduate student at MIT, published in 1952, while he was taking a
class as a student of R.M. Fano (Hankerson, Harris, and Johnson, 1998; 107).
History has it that Fano gave the problem to the class without telling them
that the problem had no solution (Hankerson, Harris, and Johnson,, 1998:
107). Solomonoff mentions that Huffman obtained a short code from the
knowledge of probabilities and he, Solomonoff, obtained probabilities from
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the knowledge of short codes (Solomonoff, 1995: 6). Shannon’s 1948 paper
introduced algebraic coding theory, devised by R.W. Hamming, as well as his
developments from the work of R.E. Hersey in the form of Hersey's ‘2-out-

of-5" code of 1938 (Millman, 1984: 52).

Brillion (1956/1962) notes that a Hamming code is used to detect the position
of an error and to correct it (Brillion, 1956/1962: 63 and Hamming, 1950).
Shannon was apparently unaware of these early ‘cable codes’ that had the
principles of “error correction®, but did not apply them, even thought error
detecting codes had been used in cable telegraphy since the 19" century
(Millman, 1984: 52, Friedman, 1928, and Friedman and Mendelsohn, 1932).
Many different systems had been suggested by the late 1930’s and during the
war vears. M.E. Mohr had suggested a *“tertiary’ or three level system as

being the most efficient for coding (Fagen, 1978: 316).

During the war H.L. Barney carried out research on various possible
combinations, 2, 4 and 8 valued signals, for Bell Labs and the U.S.
Government, but it would be a competitor, International Telephone &
Telegraph Company, ITT, that had already used, and patented; French patent
1938 and U.S patent 1942, a binary coding system (Fagen, 1978: 316, Barney,
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1945, and Reeves, 1965). But the inventor for ITT, Alex H. Reeves, was in the
war effort, and the research was handed over to Bell Laboratories in 1943
(Fagen, 1978: 316). Takahashi (2004) shows a asymptotically universal code
that is less or equal than that of the minimal description length, MDL, code

(Takahashi, 2004).

Some current studies in compression are Davisson and Gray (1975 and 1976),
Loreto and Puglist (2003), Oexle (1995), Wolfowitz (1978), Purser (1995),
Gagie (2006) with Zayed (1993) dealing with Shannon’s sampling theory.
Compression is the process of reducing the number of information bearing
units, usually bits, from the original information source without the lose of the
original information content. Data compression is done with the use of codes;

encoding to compress, decoding to decompress.

Because most data used in actual applications have a statistically high level of
redundancy a lossless compression factor can be achieved using such
compression algorithms. Lossy compression affords a lose of data but not at
the expense of the compleie contextual content of that data to be compressed.
Lossless compression can be reconstructed completely from compress where

as lossy compression can net be resurrected from a compression state.
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The development of communication technigues for algorithms has a history
before its rapid growth in the twentieth century. Schreiber (2003) states that
Jordanus de Nemore, circa 1200 A.D., was the first person to use letters as
variables for given and required quantities, but it was the work of Francois
Viete in the 1500's that had lasting influence (Schreiber, 2003: 688). In the
1600’s a bountiful algorithm oriented computational tradition developed with
Robert Recode of England, Adam Ries and Ulrich Wagner in Germany, and
Niccolo Tartaglia in Italy (Schreiber, 2003: 689). A development from the
‘Ars Magna’® of the 13™ century logican the Spaniard Ramon Llull was the use
of artifical languages of a universal expressive power and machines and
systems of rules to decide truth or propositions and solving problems that

would later influence Descartes and Leibniz (Schreiber, 2003: 689).

The history of computing can be found in Flamm (1988). The development of
Silicon Valley is addressed in Lecuyer (1999). The history of computing is
long and varied but some individuals stand out in the development of core
ideas to the foundations of computing. Gotifried Wilhelm Leibniz (1646-
1716) was the first to formulate the basis of modern symbolic thought through
his studies of binary arithmetic as well as his work on early calculating

machines (Ifrah, 2001: 251 and Williams, 1997: 129-136). George Boole
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(1815-1864) used logic to give certain premises, or conditions, that determine
the predicates of a class of objects subject to those conditions (Ifrah, 2001:
253). Boole also to join the procedures of propositional logic within the

operations of a true algebra (Ifrah, 2001: 251).

Boole published his ideas in two books, 'Mathematical Analysis of Logic’
(1847) and "The Laws of Thought’ (1854). Symbolic logic is the science of
human thought establishes a system of axioms as well as the rules and
procedures which govern the various relations between the repositions and
check the consistency, the compatibility, and the independence of the axioms
that have been postulated (Ifrah, 2001: 2690. Although Charles Dodgson
(1832-1898), a.k.a. Lewis Carroll, was a contemporary of Boole, and although
he is know for being a logician, Dodgson was not a major contributor to the
field of logic (Gillispie, 1971: 138). It is not even clear that Dodgson had read
Boole’s ‘Laws of Thought' (1854) even though Dodgson owned a copy of the
book (Gillispie, 1971: 138). It would be Claude E. Shannon who, in 1937,
wrote his Master’s thesis on ‘A Symbolic Analysis of Relays and Switching
Circuits’ proved that the rules of Boolean algebra could be applied to electric
circuits and that these circuits could perform the fundamental operations of

the algebra (Ifrah, 2001: 257) and (Shannon, 1938).
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The use of Kurt Godel’s findings that the ‘undecidability’ of certain general
axiomatic theories, in a 1931 paper, lead Alan Turing to confirm Godel‘s
findings in that reducing mathematical reasoning to symbolic calculation
would lead to conclusion that it would be impossible to find a logical sequence
of elementary operations sufficiently general to determine whether a given
theorem is demonsirable (Ifrah, 2001: 279-280) and (Nagel and Newman,

2002).

Turing’s mathematical notion of a *universal algorithmic automation® would
be the theoretical model for all computers of the future (Ifrah, 2001: 292).
The *synthesis’ of the modern computer would take root in the development
of the construction of the analytic caleulator: the EDVAC, Electronie Discrete
Variable Automatic Computer, in 1944 with the famous mathematician John
von Neumann (Ifrah, 2001: 281). According to Ifrah, the single most
important factor in the development of the modern computer, to this point in

time, is the development of the “stored programme’ (Ifrah, 2001: 281).

This was described in von Neumannn’s foundational paper of June 30, 1945
titled *First draft of a report on EDVAC”® (Ifrah, 2001: 281). Goldstine

(1972) states that this ‘First Draft’ paper (1945) by von Neumann was a
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working paper for clarifying and coordinating the thinking of the project
group and not intended for publication (Goldstine, 1972: 196). A look back at
what computing was and what it would be in the ‘future’ can be seen in the
‘dated’, but interesting, work of Berkeley (1949) and Dreyfus (1972). The
History of Computing series by The MIT Press, edited by L. Bernard Cohen
and William Aspray, has a list of titles dealing with the growth and
development of early computing (See Endnote# 12). Agar (2006) reviews
Copeland’s book (2006) on the secret code breaking computers of ‘Bletchley

Park’ during Werld War Two (Agar, 2006: 746 and Copeland, 2006).

Current works on computers and computability are Floyd and Beigel (1994),
Lassaigne and de Rougemont (2004), Hromkovic (2004) and Jones (1997).
Johnson (2003) describes the building of a chess playing computer in the mid-
1970°s by a group of computer science students using more than a hundred
‘“Giant Engineer Tinkertoy' sets (Johnson, 2003: 2(). My own creative
experiences began with tinker toys, play doh and legos as a child and it seems
that this ‘creative drive’ is still with me into my forties (Los Altos News, 1965

and du Sautoy, 2006).

The development, or rather research into, guantum computing is addressed in
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Milburn (1998), Meyer, in Lomonaco (2002), Brooks (2003), Hey and Allen
(1999), Deutsch (1997), Brown (2001), Terhal, Wolf, and Doherty (2003),
Wolfram (2002), Pavicic (2003), Dowling (2006), Lloyd (2006) and Cho (2006).
Quantum Kolmogorov Complexity is addressed in a paper by Berthiaume,
Van Dam, and Laplante (2000) and by Vitanyi (2001). Quantum Algorithmic
Entropy is the topic of Gaes’ paper (2005). Woesler (2005) attempts to solve
the Copenhagen interpretation of quantum theory with Kolmogorov

complexity.

Le Bellac (2006) has published A Short Introduction to Quantum Information
and Quantum Computation (Cambridge University Press). Information

distance is the subject of a paper by Bennett, Gacs, Li, Vitanyi, and Zurek
(1993). An “information-theoretic’ approach to neural computing is

addressed in Deco and Obradovic (1996). An article in the New Scientist

questions whether quantum computers can ever over come noise in the system
(New Scientist, 2006: 17). Svozil (1996) addresses quantum algorithmie
information theory (Svozil, 1996). Wheeler (1994) addresses a new view of

reality in ‘It from Bit’ from his autobiography (Wheeler, 1994: 295).

Chaitin uses McCarthy’s LISP program in his proofing methods of
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Algorithmic Information Theory, most notably in his book ‘Algorithmic
Information Theory' (Cambridge: Cambridge University Press, 1987).
Chaitin discovered the LISP programming language in 1970 while he was
living in Buenos Aires and has made it his programming language of choice
with Algorithmic Information Theory (Chaitin, 2005: 46). Six of Chaitin’s
books use LISP and he notes that the structure of LISP, using a few powerful,
but simple, basic concepts to make it a ‘practical tool’ for his applications
(Chaitin, 2005: 45-46). LISP was developed by McCarthy in the Summer of
1956 through the Summer of 1958 and during the time when it was
implemented in addressing problems of artificial intelligence, from the Fall of

1958 to 1962 (Wexelblat, 1981: 173) and (ACM Press, 1987: 258).

LISP was developed by universities in the late 1950°s and early 1960°s by the
LULS. government, through DARPA, as financial support for the study of
artificial intelligence (Flamm, 1988: 26) and (End Note 13). LISP uses a
recursive manner of conditional expressions with the representation of
symbolic information external, in the form of lists, and internally by list data
structures (Ralston, Reilly, and Hemmendinger, 2000: 991). Computer
programming is both an art and a science, see Knuth, but can be defined by

the school of programming known as ‘structured’ programming that was
53



developed by Konrad Zuse, best known for designing and building
‘computers’ for the German’s during World War Two (Flamm, 1988: 159 and
Gutknecht, 1990: 305)). Wirth (1976) and Dijkstra, and Hoare (Dahl,
Dijstra, and Hoare, 1972) are renowned computer scientists from the

‘structured’ programming school of thought (Wirth, 1976: xii).

Structured programming is defined as a methodological style where a
computer program is consiructed by concatenating or coherently nesting
logical subunits that either are themselves structured programs or are of the
form of one of a small number of clear control structures (Ralston, 2000
1701). Itis interesting to note that Dijkstra (1982) makes the comment that in
the LISP 1.5 Manual the authors give up half way through the description of
their programming language and then try to compliment their incomplete
language definitions by an equally incomplete sketch of a specific
implementation (Dijkstra, 1982: 64 and McCarthy, 1962). For an insider’s
account of the early year’s of computer programming see John Backus’s
personal account of the development of the programming language

FORTRAN in Metropolis, Howlett, and Rota’s A History of Computing in the

Twentieth Century (1980). Backus mentions in the article that 1950°s

America was ‘untainted’ by scholarship or academia and had a “vital frontier
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enthusiasm® for the field (Metrolpolis, Howlett and Rota, 1980: 126).

The early development of computers had the question of whether an
‘analogy’, or measurement, machine or a “digital’ computer would be the
computer of the future (Goldstine and von Neumann, 1946: 4). In that paper
von Neumann comments that the digital machines up to that point have been
decimal althongh some new binary machines would be built and that analogy
or ‘measurement’ computers being left out of the discussion (Goldstine and
von Neumann, 1946: 8). In the second paper von Neumann comments that
although digital machines have been using the decimal system, von Neumann

felt that a binary system should be used for the next generation of computers

{Burks, Goldstine, and von Neumann, 1946: 41).

Another important book on early computing, this includes early artificial
intelligence work, is Shannon and McCarthy's ‘Automata Studies’ (1956) that
has important papers from de Leeuw, Shannon, McCarthy, and other
important researchers from this era (Shannon and McCarthy, 1956). Baldwin
and Clark (2000) find modularity in the early design of computers in that
modularity does not arise by chance but rather the intentional outcome of a

conscious design effort (Baldwin and Clark, 2000: 249). This is a ‘pre-
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ordained’ quality from the designer’s of such systems and is the result of a
‘steady accreditation’ over many design cycles (Baldwin and Clark, 2000:
249). Baldwin and Clark cite the development of the first modular computer

system the IBM System/360 of the 1960°s (Baldwin and Clark, 2000: 169-194).

Knuth’s The Art of Computer Programming: Volume 2 Semi-numerical

Algorithms (1998) was the primary source for the description and history of
binary, ternary and quaternary systems (Knuth, 1998: 194-328). Knuth cited
Leibniz’s Memoires de I' Academie Rovyale des Sciences (Paris, 1703: 110-116)
as bringing binary notation into the *limelight’ (Knuth, 1998: 200). The
history of binary notation systems is detailed in Anton Glaser's History of

Binary and Other Non-decimal Arithmetic (Los Angeles: Tomash, 1981).

Knuth cites George R. Stibitz as developing an excess 3 binary coded decimal
notation in the early development, the 1930°s, of ‘general arithmetic

operations’ for electromechanical and electronic circuitry (Knuth, 1998: 202).

Knuth cites Brian Randell’s book The Origins of Digital Computers (Berlin:
Springer, 1973) as a excellent source of reprints of early papers (Knuth, 1998:
202). Knuth draws attention to W. Buchholz's paper “Fingers or Fists"
(CACM, 2, [December 1959]: 3-11) as a retrospect work on the merits of
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binary systems in computing from von Neumann’s detailed suggestion in the
1940°s (Knuth, 1998: 202). Buchholz notes that the number system used is a
major factor in the arithmetic speed of a computer (Buchholz, 1959: 3). The
earliest known digital electronic circuit was described by Eccles and Jordan
in 1919 but it was W. Bryce of IBM that investigated early applications to
electronic ‘calculating machines’ in 1915 (Randell, 1982: 293). Wynn-
Williams used thyratrons in binary counting circuits at the Cavendish

Laboratory at Cambridge in 1932 (Randell, 1982: 293).

Randell (1982) has included E. William Phillip’s 1936 paper “Binary
Calculation™ that was a call for a binary system in the actuarial profession
(Randell, 1982: 303-314). Phillip’s makes the clarifying point that Leibnitz
did mot, in fact, ‘invent® the binary arithmetic as it was attributed to a
Chinaman; Fohi, twenty-third century B.C, who developed the Cora or
binary system (Randell, 1982: 306). Glaser (1971) makes the comment that

William Ernst Tentzeln, editor of Curieuse Bibliotheca (1705), considered it

odd that the supposedly intelligent Chinese had lost and then failed to
‘rediscover’ the meaning of the Figures of Fohy, and that it took a European
genius, Leibniz, to do the job for them (Glaser, 1971: 49). Glaser (1971) also

makes the comment that up to 1900 very little had been mentioned about
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binary and other nondecimal numeration (Glaser, 1971: 115).

The famous twentieth century mathematician Richard Courant noted in his
book “What is Mathematics* (1941) that a base 4 works ‘best’ because it
requires the least number of concepts and names (Glaser, 1971: 125). Number
representations in early computing included excess-three and boundary codes
that are 10, 4,4, and 7 bits long (Glaser, 1971: 139). Glaser notes that a 3-bit
code is not possible in that there is only eight 3-bit strings from 000 to 111
(Glaser, 1971: 139). Glaser (1971) notes that decimal codes greater than four
usually involve a *parity code’ that involves no additional information and is

given to add an odd parity to the string (Glaser, 1971: 146).

This is also known as a ‘redundancy’ bit (Glaser, 1971: 146). Gilbert (1966)
notes that a parity check is a constraint requiring that the sum of the digits in
certain positions be an even number (Gilbert, 1966: 324). Shannon (1950)
mentions that computers of numeration systems could use negative digits,
especially if the radix was odd so as to be symmetric, with the negative digits
equaling the number of positive digits (Glaser, 1971: 160). Richards (1955)
notes that that radix three, a ternary system, os the most efficient and that the
radix two and radix four are less efficient that radix three (Richards, 1955: 8-

9). S8



Richards (1955) also notes that the radix three has less advantages that radix
two when balanced with then current, 1955, computer components (Richards,
1955: 25). Richards (1955) makes the comment that no new ideas have been
employed for the zero, one and two for ternary systems (Richards, 1955: 3-4).
Richards has noted the types of notation used for ternary systems (Richards,
1955: 4):

1). A series of three 1’s.

2.) A new symbol such as 3.

3.) A 1 in the prefix position followed by a 1 such that they are interpreted as
two plus one.

Richards (1955) also mentions negative numbers (Richards, 1955: 14-15):
1.) A-1,0, and +1 are used instead of 0, 1, and 2.

2.) These symbols, -1, (0, and 1, can be abbreviated to -,  and +.

Brillion (1956/1962) mentions the ternary system in the coding section of his
book and lists a “possible ternary code for the letters of the English language’
(Brillion, 1956/1962: 53). Brillion notes that the ternary system used has
positive and negative aspects and uses the ternary code: -1, (, +1, that is
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presented in Table 5.3 (Brillion, 1956/1962: 53-54). Brillion (1956/1962)
remarks that the ternary code is not balanced as the symbol -1 is less frequent

than 0 and 1 (Brillion, 1956/1962: 54).

Richards (1955) concludes that with the dearth of ternary computer
components and the design problems of such a ternary computer system, the
disadvantages of such a computer far out weighs the advantages (Richards,
1955: 14-15 and 25). A *balanced ternary’ system is a non-standard positional
numeral system that is ideal for comparison logic and is used in computing
(Wikipedia, ‘Balanced Ternary® 2006: 1). Early Russian experimental
computers used a balanced ternary system (Wikipedia, ‘Balanced Ternary®
2006: 2). Weinstein (2003) notes that Knuth (1981) finds no substantial
application of a balanced ternary notation has been made to computing
(Weinstein, 2003: 2961). A common usage for a ternary system is in American
baseball that uses it to denote the fractional parts of an inning in a baseball

game (Wikipedia, *Ternary Numeral System® 2006: 1).

In Arithmetic Operations in Digital Computers (1955) Richards states that

using a binary system for printing produces problems because of the
numercus amounts of 1's and ('s that result in excessive errors (Richards,
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1955: 5). Ding, Kohel and Ling (2000) mention in their paper the work of
Ding, Kohel, and Ling (2000) that uses a class of ternary codes for a secret-
sharing scheme (Ding, Kohel, and Ling, 2000: 285). Zhao and Sham (2001)
use a binary and mixed radix based algorithms to gene counting procedures
{(Zhao and Sham, 2001: 1). Zhao and Sham (1998) use a ‘ternary’ based
system for calculating probabilities in determining twin zygosity (Zhao and
Sham, 1998: 225). Gillie (1965) reviews binary and ternary based systems

(Giles, 1965).

The literature on ‘information’ is vast and usually written in a ‘popular’ or
‘general public’ type of writing style. Seminal works on ‘information’ are
Szilard (1929), Nyquist (1924), and Hartley (1928). Brillion (1956/1962) notes
that Szilard’s paper of 1929 was the first to tie together the notion of
information and entropy (Brillion, 1956/1962: xi and 176). Lanouette (1994)
notes that Szilard’s paper of 1929 was written in 1922 as a second paper from
his doctoral thesis that extended his work on thermodynamie equilibrium
from a physical phenomena to the types of activities these would perform as

‘information’ (Lanouette, 1994: 63).

Lanouette (1994) comments that information theories early developers
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probably did not know of Szilard’s 1929 paper and it was most likely the
intervention of John von Neumann, who knew both Szilard and Shannon, to
urge Shannon to use the term 'entropy’ for his concept of information
(Lanouette, 1994: 64 and 332). Brillion’s Science and Information Theory
(1956/1962) concludes that information and physical entropy are of the same
nature in that entropy is the measure of the lack of detailed information about
a physical system (Brillion, 1956/1962: 293). Brillion (1956/1962) notes that a
feedback system uses only positive feedback from a physical system so
information in such a system is just the “value’ of that information (Brillion,
1956/1962: 296). A current book by Seife (2006) has the the ungainly title of
‘Decoding the Universe: How the New Science of Information is Explaining

Everything in the Cosmos, from Our Brains to Black Holes’.

A review of the book in The New Scientist also has noted the *hyped’ title but
finds the book ‘an excellent job’ in writing on a difficult subject (Buchanan,
2006: 47). Another current publication on information is by von Baeyer
(2004). I have used both Horgan (1996) and Wright (1988) to give a general
overview of the state of information sciences in the late 20" century.
Probably one of the earliest book I read on information was Campbell’s book

(1982) that I read over twenty years ago while I was an undergraduate at
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college and found the book very interesting at the time. MacKay (1969)isa
review of early papers on information, while Simon (1969) examines why
complex systems have subsystems developed from even smaller subsystems
(See Endnote# 14). Malescio (2006) reviews Coles (2006) book on probability

theory and it’s role in science (Malesco, 2006: 918 and Coles, 2006).

Landauer (1961) was the first paper to study the thermodynamic cost of
erasing information and represents real reversible computing devices (Li and
Vitanyi, 1997: 586-587 and Landauer, 1961). Zurek (1991) edits papers on
the relations between physical entropy and Kolmogoerov complexity (Zurek,
1991). Solana-Ortega (2002) is an overview of Shannon’s work on the
‘information revoelution’ (Solana-Ortega, 2002). Machta (1999) addresses
entropy, information and computation (Machta, 1999). An ever expanding
area of the use of Shannon’s information theory is in the vague field of
‘management science’ that uses legitimate science in a dubious manner to fit
business models. A fine example of this art is Luenberger’s (2006)

‘Information Science’ (Luenberger, 2006).

Some further developments from Solomonoff, Kolmogorov, and Chaitin in
Algorithmic Information Theory/Kolmogorov Complexity have been Levin
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(1974) in discovering, simultaneously with Chaitin (1975), redefining the main
theorem and Solovay (1975) and Gac (1974) in developing beyond some
boundary definitions by Chaitin (1975). Mutual, or common, information in
Algorithmic Information Theory has been emphasized by Fine (1973). Work
using DNA sequencing compression using Algorithmic Information Theory
can be found in Milosavljevic and Jurka (1993), Chen, Kwong and Li (1999)
and Powell, Dowe, Allison and Dix, (1998). Hartmanis (1983) has considered
the amount of work, time complexity, involved in reconstructing the original

data from its description (Barzdin, 1988: 142).

In using an on-line data base search, Expanded Academic ASAP Plus, using
Algorithmic Information Theory and Kolmogorov Complexity as the two
fields, the following list of current citations resulted: Kreinovich and
Longpre (1998), Lateva, McGill, and Pajuman (1998), Shen (1999), Chen and
Yeh (2000), Romaschchenko, Shen, and Vereshchagin (2002), Shen and
Vereshchagin (2002), Muchnik (2002), Wang (2002), Grunwald and Vitanyi

(2003).

Grunwald and Vitanyi (2003), Kurtz (2002), Wang (2002), Gaes, Tromp and
Vitanyi (2001), Vitanyi (2001), Gacs (2001), Soklakov and Schack (2000),
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Raatikainen (2000), Machta (1999), Calude and Chaitin {1999), Shen (1999),
and Raatikainen (1998). Vyugin (1998 and 1998a), Garbanzo (1998),
Sorensen (1998), Hoffmann (1997), Enamullah, Renz, El-Ayaan, Wiesinger,
Linert, and Hoffmann (1997), and Ford (1989 and 198%a). It is interesting to
note that when using the ScienceDirect database for a search resulted in no
entries when Algorithmic Information Theory was used but had 191 articles
when Kolmogorov Complexity was used for the search. Lambalgen (1989),
Kalnishkan, Vovk and Vyugin (2005) and Malyutov (2005) are papers

discussing aspects of algorithmic information theory.

Secondary works that discuss Algorithmic Information Theory/ Kolmogorov
Complexity in a general manner are Beltrami (1999), Bennett (1998),
Berlinski (2000), Campbell (1982), Casti (1996), Franzen (2005), Gell-Mann
(1994), Goldstein (2005), Seife (2006), Shankar and van Rijsbergem (1997),
Siegfried (2000) and Lioyd (2006). Casti and Karlqvist (2003) edit Art and
Complexity that seems to involve aspecis of neither (Casti and Karlqgvist,

2003).

Chaitin has a long list of references that can be divided up into the following
groups: the early years 1966-1975, the journal years, 1975-1985, the popular
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press vears 1985-1995, and cuarrent publications 1995-2006.

In reviewing the growth of Algorithmic Information Theory/ Kolmogorov
Complexity as a distinct discipline, I am wondering if it will, or is currently,
suffering from, what Claude Shannon termed *The Bandwagen’, by an article
of the same name (1956), about the *improper’ interdisciplinary use, or
misuse, of information theory in less than a decade after it was invented by
Shannon himself? Most theories seem to go through a *fashionable’ phase
and although Algorithmic Information Theory/ Kolmogorov Complexity is in
it's fourth decade of existence it seems to be going through a ‘late’
development stage as a ‘popular’ method of analysis. Murkowski (1997)
states that Algorithmic Information Theory may have implications to legal
and economic systems, taking that same pathway as did information theory in
the 1950°s into areas that have little or no reason for such justifications

(Markowski, 1997: 22).

In Grunwald, Myung, and Pitt’s work on Minimum Description Length, or
MDL, that was a development from Algorithmic Information Theory/
Kolmogorov Complexity, the focus of the book is on developments on
Minimal Description Length started by Jorma Rissanen in a paper from 1978
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(Grunwald, Myung, and Pitt, 2005: 17). The only citation to the founding
three of algorithmic complexity theory is on page 17 of this text (Grunwald,

Myung, and Pitt, 2005: 17).

In a paper by Small and Tse (2002) using MDL, Minimum Description
Length, in neural networks for time series prediction, only cites Rissanen as a
historical footnote, with no belabored account of the ’legacies’ of MDL’s
foundations (Small and Tse, 2002: 066701-1). In some respects, Algorithmic
Information Theory/ Kolmogorov Complexity is moving beyond it’s
foundational nature and it would not be surprising to see no references to
Solomonoff, Kolmogorov, or Chaitin in future publications on aspects of

algorithmic complexity theory.

Inspiration for Rissanen’s work (1978) on Minimal Description Length came
from Kolmogorov's 1965 paper and Akaike’s 1973 seminal paper on
algorithmie information eriterion method for model selection (Grunwald,
Myung, and Pitt, 2005: 17). Minimal Description Length, MDL, is related to
Minimal Message Length, MML, developed by Wallace, along with other
authors, without the knowledge of Kolmogorov complexity (Grunwald,
Myung, and Pitt, 2005: 17-18) and {Wallace and Boulton, 1968, Wallace and
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Boulton, 1975, and Wallace and Freeman, 1987). Grunwald, Myung, and
Piit’s book cites Solomonoff’s 1978 paper that extends the early work done on
Minimal Description Length, MDL, to form an “idealized’ version of MDL

{(Grunwald, Myung, and Pitt, 2005: 7).

The stochastic processes, such as random and non-random properties, found
in computer science are best addressed in Knuth’s The Art of Computer

Science (1981) with emphases on Volume Two ‘Semi-numerical Algorithms’

(Knuth, 1981). Knuth (1981) makes the comment that it is not easy to invent
a fool proof source of random numbers and that even the definition of
‘randomness’ is avoided by mathematics and statistical fields by stating the

‘how* rather than the ‘what* of such processes (Knuth, 1981: 4 and 149).

Works on probability theory by Kolomogorov (1933/1956) and Doob (1953)
are also suggested by many authors. In this thesis randomness of a word will
be defined as any description of its creation is at least as large as its full
representation bit by bit (Hromkovic, 2004: 44). Non-randomness of a word
is any description of its creation is less large than at its full representation bit
by bit.

On the subject of numbers as words and symbols the following has been
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researched. Schillinger (1976) examines the connection between mathematics
and art and finds uniformity being a primary foundation of this unity and
notes the concept of the natural integer as being fundamental (Schillinger,
1976; 38). Menninger (1969) notes that the number 3 is the first step towards
infinity and that it has the relation to the concept of ‘the many’ away from the
notions of 1 as ‘I’ and 2 as *vou’ in an anthropological sense of cultural
numerology (Messinger, 1969: 16-17). In English the word closes to number
expressions in its distributional properties is the English word 'many’

(Hurford, 1975:3).

Menninger (1969) makes an interesting note that the initial constant [f] in the
Gothic word fidwor, ‘four’, was not originally in the phonetic shift but rather
a gradual erosion by constant repetition due to the fact that the number four
(fidwor) is followed by five (fimf) and in time adapted to the rhythm of the
initial consonant for five (fimf): [f]. Messinger, 1969: 147). Messinger (1969)
suggests that the number four is a linguistic derivation for *tip® from the four
sides of the cross (Messinger, 1969: 148). That words would have numeric
origins can be seen in such words as ‘tribute’ that was derived from the Latin
‘tri-bus’ that meant ‘third’ or ‘third part’ and then a *district’ then a

‘community’ that inferred a group or tribe of commonly related peoples
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(Menninger, 1969: 177).

The word four (4) has always been used to note a ‘square’ with the basic form
being ‘quadratus’ that Albrecht Durer used in coining the German word
*Vierung’ (Messenger, 1969: 178). Butterworth (1999) comments that the
European words for *hand’ and *first’ are derived from the Latin word for
‘finger’ (Butterworth: 1999: 95). Shannon (1949) notes the base 2 is used in
information theory and the resulting units may be called *binary digits’ or
‘bits’ as suggested by J. W. Tukey (Shannon and Weaver, 1949: 4). Solana-
Ortega (2002) notes that the first name for sach a *binary digit’ was “bigit’ or
‘binit’ from a ‘binary unit’ of information (Solana-Ortega, 2002: 465). Singh

(1966) notes that *bit’ is a portmantean of a *binary unit’ (Singh, 2002: 14).

The literature for this review represenis the core of Algorithmic Information
Theory/ Kolmogorov Complexity and encompasses seminal, primary and
secondary works in this subject area. A great deal of time and energy was
taken to present the major focus of each article of information and draw a

contextual story line from the material into a relevant whole.

Note: Current books on Algorithmic Information Theory and Kolmogorov

Complexity, as of 2008, are as follows: Downey and Hirschfield (2007), Hutter
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(2005), Rissanen (2007), Salomon (2007). In searching the SAQ/NASA ADS
physics abstract the following citations were found: Benedetto, Caglioti,
Loreto, and Pietronero (2002), Loreto and Puglisi (2003), Baronchelli,
Caglioti, and Loreto (2005), Liu, Xiong, Wu, Wang, and Castleman (2001),
Pappou and Tsangaris (1997), Lin, Athale, and Lee (1983), Tran (2007),
Schmalz and Ritter (2005), Hayden, Jozsa and Winter (2002), Cathey (1984),
Cherri (1996), YU, Liu, Mu and Yang (1998), Winograd and Nawab (1995),

Li, Song, Wang, Jin and Zhang (2008), and Tice (2008).

The following papers are current as of 2008: Ferragina, Nitto and Venturini
(2008), Calude and Zimand (2008), Dai and Milenkovic (2008), Tamaki
(2008), Gagie (2006) Bol*shakov and Smirnov (2005) and Cooper and Lynch

(1981).
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The History of Algorithmic Information Theory

The foundations of Kolmogorov Complexity have come from von Mises® idea
of random infinite sequences (Li and Vitanyi, 1993/1997: 89). As Liand
Vitanyi state from their well researched text ‘An Introduction to Kelmogorov
Complexity and Its Applications’ (1993/1997):
Komogorov complexity originated with the discovery of universal
descriptions, and a recursively invariant approach to the concepts of
complexity of description, randomness, and a priori probability.
Historically, it is firmly rooted in R. von Mises’s notion of random infinite
sequences as described above (Li and Vitanyi, 1993/1997: 89).
Li and Vitanyi consider Kurt Godel’s 1936 paper ‘On the length of proofs’
that uses length as a measure of the complexity of proofs by proving that

adding axioms to undecidable systems shortens the proofs of many theorems

(Li and Vitanyi, 1993/1997: 89).

Kolmogorov Complexity and Algorithmic Information Theory both represent
descriptional complexity, algorithmic information, and algorithmic
probability (Li and Vitanyi, 1993/1997: 90). Both terms are be used
synonymously in this thesis.

The actual inventors of Kolmogorov Complexity can be chronologically listed
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as: R.J. ‘Ray’ Solomonoff, of Cambridge, Massachussetts U.S.A., AN.
Kolmogorov, of Moscow, Russia, and G.J. ‘Gregory’ Chaitin, of New York
City, U.S.A. (Li and Vitany, 1993/1997: 89). The time period for this
‘discovery’ was the 1960°s with Solomonoff’s papers of 1964, Kolmogorov's
papers of 1965 and 1969, and Chaitin’s papers of 1966 and 1969.
Solomonoff had earlier papers on the subject , 1960, that were not widely

cited until years later (Li and Vitanyi, 1993/1997: 89-90).

The gquestion of why isn’t Kolmogorov Complexity termed ‘Solomonoff”
Complexity, is due to the ‘right of priority’ in naming a discovery, is
addressed by Li and Vitanyi in that it has become ‘well entrenched’ and
‘commonly undersiood’(Li and Vitanyi, 1993/1997: 90). Boih authors, Li
and Vitanyi, suggest that Solomonoff be associated with the universal
distribution and Kolmogorov with descriptional complexity (Li and Vitanyi,

1993°1997: 90).

A.N. Kolmogorov is pictared as a distinguished white haired gentleman in all
of his ‘official’ public photographs while Ray Solomonoff’s current picture, as
seen on the internet site for IDSIA, is that of the classically wizened *mad
scientist’ haired engineer that gives some merit to a recent article in Science
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magazine on young peoples perceptions of scientists (BBC News, 2006).
Horgan in his book ‘The End of Science’ (1996) describes Chaitin as being
stout, bald, and boyish and dressed in ‘neo-beatnik attire’ (Horgan, 1996:
227). It sounds from Chaitn’s attire that he is more Apple Computer than
IBM when it comes to fashion. Chaitin is a member of the theoretical
physics group at the IBM Thomas J. Watson Research Center in Yorktown

Heights, New York (Chaitin, 1987: back cover).
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The Sub-Maximal Measure of Kolmogorov Complexity

The notion of a ‘sub-maximal’ measure of Kolmogorov Complexity is from
the fact that an algorithmically random string is defined as one of a near
maximal information content. A maximal information content string is a
string whose minimal program is about the same length as the string itself
because the string lacks a significant internal pattern that would allow it to be

compressed more completely (Bennett, 1989: 791).

The following is a traditional definition and example of a measure of
randomness using Kolmogorov Complexity.
A Measure of Kolmogorov Complexity.

Definition: 1.0

Random or pattern less sequences of a given length are those that require the
longest programs. Most of the binary sequences of length k require
programs of about k length. These are random or pattern less sequences
(Chaitin, 1970: 6).

Binary sequences that are shorter than the length of k are non-random

sequences. The more it is possible to compress a binary sequence into a
short program calculation, the less random a sequence (Chaitin, 1970: 6).

Notation: 1.0
The following equation is used to prove the length of k of a program:
L{M.,5) less than or equal to k+1 for all binary sequences S of length k.
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Were:
M=computer

S=sequence

k=length of sequence

Lemma: 1.0

The following examples are taken from Chaitin (1970) to define examples of
random and non-random binary bit strings (Chaitin, 1970: 6).

Example:

Randomness
[A] 110010111110011001011110000010

MNon-random
[B] 11010000 0R0R0 00 0 RnInnInnnnnnl

MNon-random

[C] 0100101010101010101010101010101

Note: Chaitin (1970) has defined [A] to be more random, or more pattern less,
that sequences [B]| and [C] (Chaitin, 1970: 6).

Both sequences [B] and [C] can be “more compressed’ from their original
lengths by multiplying 30x1 for [B] and 15x01 for [C] (Chaitin, 1970:6). But
[A] cannot be reduced from it’s original length, 30 bits long, because it is not
‘compressible’ to a more compressed, or *shorter’, definition from the
original. This is the test for randomness and compressibility. If the string of

binary bits cannot be compressed to less than it's original size then it is

80



random.

The Symbolic Space Multiplier Program (Tice, 2003: 60-61).

The following is a measure of randomness of Kelmogorov Complexity using
the ‘symbolic space multiplier program’ that results in a sub-maximal
measure of the traditional measure of randomness of Kolmogoroy

Complexity.

Definition: 1.0

By introducing a specifically valued element into a binary system of the
program of a sequence of binary bit strings, a new result for the definition of
random and non-random binary bit strings produces a new measure of
Kolmogorov Complexity. The introduction of a ‘multiplying’ arithmetic unit
to a sequence of binary bit strings by way of a space between specific binary
bits.

Notation: 1.0
1.) The number before the space is the number to be multiplied.

2.) The code bit number following the space is the multiplier.

3.) Two spaces concludes further multiplication procedures and hence returns
the computer to the next operation.

4.) The multiplier is designated by a single or multiple character digit code.

Note: The example used in Tice (2000 and 2003) of the ‘symbolic space
multiplier program’ is using binary bits and a space function and is not to be
considered a true ternary system.
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Example:
Using Chitin’s (1970) example for a random binary bit string the ‘symbeolic
space multiplier program will be initiated (Chaitin, 1970: 6).

Randomness
[A] 11001011111001100101 1110000010

Step One

The number before the space is the number to be multiplied.
Example:

[A] 110010[1] 001100101111[0] 110

Note: Bracketed symbols | | represent the symbol to be multiplied.
Step Two

The code bit number following the space is the multiplier.

Example:
[A] 1100101 {1}0011001011110 {1}10

Note: The parenthesis { } represents the multiplier. Step Four has the key
code for {1} as representing the multiplier as 5.

Hence {1} =5 x [ | = the original bit length.

As the first set of five similar sequential symbols are 1's and the second set of
five similar sequential symbols are s the arithmeticof 1 x 5=11111and 0 x 5
= D gives an accurate reproduction of the desired original bit lengths.

Step Three

Two spaces concludes further multiplication procedures and hence returns
the computer to the next operation.
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Example:
[A] 1100101111100110010111100000110 (end of string; end of operation).

Step Four
The multiplier is designated by a single or multiple character digit code.

Example:
The multiplier in this operation is designated by the following single digit
codes (Tice, 2003: 61).

Moultiplier Code
4 0
5 1

Notation 2.0
The following is the equation used to prove the length of k of a program:

L{M,S) less than or equal to k+1 for all binary sequences 5 of length k
Key:

M = computer

5 = sequence

K = length of sequence
Proof:
The following are results from using the “symbolic space multiplier program’.

Original length of a random binary bit string of example [A] is 30 character
bits (Chaitin, 1970: 6).

[A] 110010111110011001011110000010
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After using the ‘symbolic space multiplier program’ on the example of a
random sequence of binary bits [A] results in a character bit length of 22.

[A] 1100101 10011001011110 110

This qualifies for the [k] value for the length required to be less than the
original length of a sequence of a binary bit siring. Thus it satisfies the
qualification as a *patterned’ or ‘non-random’ sequence of binary biis as
defined by the equation for randomness for Kolmogorov Complexity. This
resulis in a new measure of randomness for Kolmogorov Complexity as it is a
‘sub-maximal’ or reduced measure for what was suppose to be a *random’

sequence of a binary bit string.

Note: A interesting situation occurs with the ‘symbolic space multiplier
program’ by including the ‘reduction’ or ‘compression’ of the similar
sequential bits that are four bits long. Using the already compressed example

[A]:

Example:
[A] 1100101 1001100101111 110
By using the “symbolic space multiplier program’ the following will result:

Step One:



Example:
[A] 1100101 100110010[1]111 110

Step Two:

Example:

[A] 1100101 100110010[1] {0} 110
Step Three

Example:
[A] 1100101 1001100101 0 110

Step Four:
Key Code:
Multiplier Code
4 0
Example:

[A] 1100101 1001100101 0 110

Result:

From the original 30 bit length and the introduction of the compression of two
groups of five similar sequential bits that resulted in a 22 bit length, the
compression of four similar sequential bits has actually reduced one bit length
from the total bit length which is now 21 bits in length. This is important
because it shows a potential level of saturation to this method of compression

with the optimal compression, the greatest reduction of total bit length, being
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the two groups of five similar sequential bits from the original 30 bit
length. In other words, a boundary maybe introduced to the ‘sub-maximal
measure of Kolmogorov Complexity’ that seems to show a lower boundary

limit to the ‘symbolic space multiplier program’.



Plate &
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Binary, Ternary, and Quaternary Systems

A binary system is composed of two values while a ternary system is made up
of three values and a quaternary system has four values. The binary system
has the traditional role as representing a two value system and is listed as
such in modern English dictionaries (Simpson and Weiner, 198%a). The
ternary terminology has been taken from a dictionary source for validity as
ternary has the English meaning of “consisting, or composed of a set of three;
threefold, triple; ternary’ (Simpson and Weiner, 1989¢). Quaternary is a four

value system (Simpson and Weiner, 1989b).

A binary system is one that has only two values, usually 0 and 1, and in a
perfect communication system, such as the telegraph system, L.e. Western
Union, perfect transmissions, dot and dash, are the result of ‘noiseless’
systems with no ‘entrope’ to the signal source (Hankerson, et al, 1998: 38) and
(Endnote# 15). This measure of self information is the *bit’ short for binary
digit (Fano, 1961: 27). The antiquated terms such as ‘nat’ for ‘natural unit’
and “Hartley’ in honor of R.V. Hartley, a pioneer in communication theory,
have been replaced by binary digit or *bit’ (Fano, 1961: 27 and 36). The

term *bit’ was dubbed by J.W. Tukey (Millman, 1984: 387).
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The Ternary system is composed of three symbols. One symbol more than
the binary system. In the traditional alphabet symbol notation systems the
symbol 0 signifies a quantity of zero and the symbol 1 signifies the quantity of
one. In the binary system as devised by Shannon (1948) the symbols are
just opposites of the other, 0 and 1 can represent anything as long as they do
not represent the other as they are the contrastive features that give the
binary value to the system. A classic Turing machine will have a binary
system of symbols, usually 0 and 1, and that it will have an output of only 0
and 1, and unless an error occurs, such as a “fuzzy’ digit, two digits being
produced at the same time, the resulting output will duplicate the input, that

being the traditional binary 0 or 1 symbols (Hankerson, 1998: 37).

An interesting variation on this would be the addition of a mix of the 0 and 1
symbols, one symbol overlapping the other, to produce a hybride symbol that
could be used as a ‘trinary’ system (Endnote# 16). In the classic Turing
machine model of computers it is not uncommon to see a blank space be
incorporated into the binary system, a zero, a one, and a blank space [0], [1],
and | | that in some respects make the blank space a ‘psendo-ternary’ system
to the binary system. This would only need a two value symbol type face to

reproduce such symbols.
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The quaternary system is one that has four symbols in the system. To use
features that were proposed for a ternary system let the quaternary system
have a zero, a one, a hybride of a zero and a 1, and a blank space resulting in
[0], [1], [hybride 0 and 1] and [ ]. This would need only a two value symbol
type face. This again may make it a pseudo-ternary system, because of the
blank space, and even a pseundo-binary system, in that the blank space is
ignored and the hybride 0 and 1 are only a *net’ result of the simultaneous
reproduction of a 0 and 1 symbols, that will result in three symbols, does not
change the nature of the type face in a classic Turing machine. Knuth
(1998) makes the comment that a system called a *quarter-imaginary’ number
system, analogous to a ‘quaternary’ system’, with the unusual feature that
every complex number can be represented with the digits 0,1, 2, and 3

without a sign (Knuth, 1998: 205 and Knuth, 1960).

Four different sets make up the foundation of quantum logic operations:
AND, OR, NOT, and COPY (Lloyd, 2006: 113). These properties were first
ascribed by Fredkin and Toffoli to describe atomie collision’s as the language

of information processing, a quantum computer {Lloyd, 2006: 97).
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Monochrome and Chromatic Symbols

Most binary systems do not usually value the color trait of the binary
symbeols, 0 and 1, in the information content of those binary symbols.
Usually monochromatic, usunally black, the two symbols. 0 and 1, have no
color value added to them as an information unit. For the sake of novelty,
the addition of color to the information content of a binary system would
increase the amount of information carried by each binary symbol, 0 and 1,
and the pattern of sequential binary sets would also have a corresponding

color pattern value to the information corpus.

Also the amount of information per unit or bit is vital to a transmission
system. Some bits of information, either a 0 or a 1, are singular in that no
value is weighted to the fact that being a monochromatic entity is of no value
to the amount, or ‘content’, of that unit or bit. Chromatic values increase
the amount of information stored or carried in a unit or bit and can be based
on variations of the color spectrum. Multiple units or bits, sequences of (1's
and 1’s, in both random and non-random patterns can form information
patterns by corresponding color contrasis and similarities. These chromatic
patterns or ‘spectral grammars® are information features that add to a binary
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system without changing the binary digit fandamentals of the binary system.

Aspects of printing symbols is only touched on by Minsky (1967) but Brillouin
(1956/1962) cedes a whole chapter to the issues arising from entropy and

information in regards to writing, reading and printing of information

(Minsky, 1967: 152 and Brillouin, 1956/1962: 259-266).

While this thesis focuses on 2, 3 and 4 character types for symbols, the real
limits to the types of characters used in modern methods of transcribing our
thoughts to a permenent media is that method of transcribing, the common
keyboard. The modern 104 key QWERTY PC United States (English)
keyboard is a development from the typewriter keyboard that employs extra
keys for specific computer functions (Wikipedia, 2008, Keyboard-computing).
The QWERTY keyboard was designed by Christopher Sholes in 1874 and
stands for the top six characters of the keyboard (Wikipedia , 2008,
QWERTY). The keyboard is the real limiter to the number and types of

characters used to represent symbols in a systematic and logical fashion.
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Aspects of Data Compression

In the field of information theory the standard data compression codes are
those of Shannon, Fano, and Huffman (Hankerson, Harris and Johnson,
1998: 106-107). Both Shannon and Fano, now termed Shannon-Fano codes,
are techniques for data compression using a prefix code based on a set of
symbols and their estimated or measured probabilities. Because Huffman
codes produce optimal prefix codes and are as computationally as simple as
Shannon-Fano codes, Huffman codes have relegated the earlier codes of
Shannon and Fano to historical footnotes. Arithmetic coding is also an

optimal coding system (Ralston, Reilly and Hemmendinger, 2000: 493).

Li and Vitanyi (1997) states that language compression is closely related to
the Kolmogorov complexity of the elements in the language (Li and Vitanyi,

1997: 477).

Minsky (1967) states that there is no finite-state multiplying machine which
will work for arbitrarily large numbers (Minsky, 1967: 27 and Eijck, 1994:
1244). If an example of the ‘symbolic space multiplier program’ is used to
multiply an arbitrarily large number the finite-state nature of the program is
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observed while maintaining a functional multiplication program for an

arbitrarily large number (Tice, 2003: 60-61).

Example:

The Symbolic Space Multiplier Program states (Tice, 2003: 60-61):
1.) The number before a space is the number to be multiplied.

2.) The code bit number following the space is the multiplier.

3.) Two spaces concludes further multiplication procedures and hence returns
the computer to the next operation.

4.) The multiplier is designed by a single or multiple character digit code.

Hence the Symbolic Space Multiplier Program will function as a finite state
machine that will multiply arbitrarily large numbers. This is due in large

measure to the compression factor of using such a program.

An even greater level of compression, ‘super compression’, results when using
a ‘modified symbolic space multiplier program® when the first character
symbaol before a space functions as both the character symbol to be multiplied
and as a key code representative of the multiplier with the space used to

signify the character symbol to be multiplied.



Modified Symbolic Space Multiplier Program

1.) The charcter symbol before the space is both the symbol to be multiped
and the multiplier as directed by the key code guide.

2.) The key code uses the character symbol to be multiplied to be the
multipier. The character can represeni only one value of multiplication
although different character symbols can represent the same value of
multiplication through out the string.

3.) This system was designed to utilize multiple radix based character
systems.

Example

A binary bit string [A] of a character bit length of 20 bits.

[A] 110{0111000001110011

Using the following key code

The three similar sequences of binary bit characters results in a string length
of binary bits, 1’s and (s, of 14 bits.

[A] 110 1 000001 0011

The *symbolic space multiplier program’ would have compressed the original
20 bit length to a character length of 14 bits as seen in example [B].
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Example [B]:

[B] 11000111000001110011

The first procedure is to reduce all similar characters of sequential threes.

[B] 110-11-1000001-10011

Resulting in a binary bit length of 14 characters.

Then compress all sequential similar character groups of twos.
(B] 1-00-1-01000001-10-01-0

Resulting in a binary bit length of 17 bits.

Of note is that the lower boundary of the ‘symbolic space multiplier program’
has been reached and a point of saturation has been reached and breeched.
While still lower than the standard notion for randomness in a measure of
Kolmogorov Complexity, the compression of only sequential groups of three
character bits compressed to an optimal level of compression. For this study
the optimal length of [B] will be used as an example.

If a ternary or radix 3 based character system is used then the following
101



result will occur.

Example:
[B] 11000111000000001100

Using the ‘modified symbolic space multiplier program’ on example [B] the
following will result:

[B] 110-1-0-0-1100

Resulting in a character length of 10 trits.

Note: A trit is a ternary system term for three characters, Similar to bits for a
binary bit system.

The ternary system was compressed by fifty percent. Revealing not only
greater compression but also a more *utilizable’ character system than the

traditional binary bit system.

If a radix 4 based character system, four separate character types or symbols,

is used using example |[C] and the ‘modified symbolic space multiplier
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program’ the following result will occur.

Example:
[C] 11000111000000001100

Kev Code

[C] 110-1-0-0-1100

Resulting in a quaternary character length, radix 4 based character length, of
10. The quaternary based character length was compressed by fifty percent.
Again the quaternary based system proved to be more efficient and more
‘utilizable’ than the standard binary bit system with a compression ratio of

fifty percent, same as the ternary based system.

The use of the ‘modified’ symbolic space multiplier program rather than the
original ‘symbolic space multiplier® system (Tice, 2003) produces not only a
sub-maximal measure of Kolmogorov Complexity but compression rations of
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2 to 1, 50 percent, in both a radix 3 and radix 4 based character systems.
While 1 have focused on algorithmic information theory and Kolmogorov
Complexity, the resulting compression of binary, ternary and quaternary
based systems have direct practical applications to information theory and

communication systems as a whole (Appendix A and Appendix B).
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Conclusion

The standard definition of a measure of randomness to be found in a random
string of binary bits has been examined using the ‘symbolic space multiplier
program’ with the result a new measure to the notion of randomness of
Kolmogorov Complexity. While this research was directed at random binary
bit strings as defined by algorithmic information theory the developments
bevond these parameters has lead to the introduction of both the radix 3
based and the radix 4 based character systems to both algorithmic
information theory and later to information theory. The compression factor
of almost one third to a random binary bit string using the ‘symbolic space
multiplier program’ and the compression by half of the ternary and
quaternary based systems to random strings using the ‘modified symbolic
space multiplier program’ have deep theoretical and applied relevance

beyond the fields of algorithmic information theory and information theory.

The sub-maximal measure of the randomness of Kolmogorov Complexity has
fundamental implications that spread beyond algorithmic information theory
in that the notion of ‘information’ is a measurable quantity and that the
current thinking in the physical sciences has adopied fundamental aspects
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first developed by Shannon’s information theory. With this in mind, the
research from this thesis has explored a new standard of the notion of what
makes up aspects of ‘randomness’ and sets a fundamental standard to the
question of information as is currently defined in the literature. If
‘information’ is to be treated as a physical science, as it is currently done
today, then the research found in this thesis is foundational to the notions of
‘fundamental laws’ that govern the universe. The physics of information as
developed in this work are central to our understand of the known world and
are more than an engineering or philosophical measures of thought. They are

a measure of our world.
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Summary

As can be seen from the use of the ‘symbolic space multiplier program’ on
strings of binary bits, the compression factor used to define a level of
randomness in a binary bit string is lowered from the standard model of
Kolmogoroc Complexity allowing for a new measure of randomness in
Algorithmic information Theory and Kolmogoroc Complexity. When both a
radix 3 based character system, a ternary based system, and a radix 4 based
system, a quaternary system, are introduced to the ‘symbolic space multiplier
program’, a sub maximal measures of Kolmogoroc Complexity results that
parallels those found using the binary bit strings. When both the ternary and
quaternary based systems are used in the ‘modified symbolic space multiplier
program’ considerable compression resulis with both the ternary and
quaternary based systems achieving fifty percent compressions in their

respective strings.

While I have focused exclusively on algorithmic information theory and
Kolmogorov Complexity in this thesis, applications to both Shannon’s
information theory, and communication systems as a whole, are apparent

(Shannon, 1948). Both appendix A and appendix B in this academic work
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address the questions raised in this thesis to information theory and

communications systems in general.

Development of the Thesis

This thesis has the qualities of both a monograph on “The History of
Algorithmic Information Theory’ and one on ‘Data Compression and Optimal
Coding Using Algorithmic Information Theory’. While I plan to rewrite this
thesis and publish it as ‘Algorithmic Information Theory: A Codex’ the
potential for future developments from this work is more than [ had
originally imagined, as I viewed it as a final statement on this field of study,
with developing fundamental aspects to information theory, communications
theory, computer science, mathematics, logic, philosophy and the growing

interest of *information’ in physics.
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Motes

Endnote# 1 In the field of computer science data is considered a coded
representation of numbers, alphabetic characters, and special characters that
are used in the operation of computation by a computer (Bitter, 1992: 223).
Bitter makes the note that data is the plural of datum and in a grammatical
sense should always be used with a plural verb, but common usage has it used
with a singular verb (Bitter, 1992: 223).

Endnote# 2 An amusing side note to the concept of the ‘meaning’ of poetry
may be gleamed from an old magarine article, 1962, that has a ‘computer’
programmed to produce ‘beat’ poetry (Horizon, 1962: 96-99). In this article a
*West-Coast’ group of scientists programming a “cool calculator®, a computer,

to ‘create’ novel lines of *poetry’ (Horizon, 1962: 98). They have named this
computer A.B. for ‘Auto-Beatnik® (Horizon, 1962: 98). One wonders about

the “value’ of machine produced ‘poetry’, let alone the ‘altermative’, read
‘beat’ type, variety.

Endnote# 3 The Wikipedia Encyclopedia has the following names under the
entry Kolmogorov Complexity: descriptive complexity, Kolmogorov-Chaitin
complexity, stochastic complexity, algorithmic entropy, and program-size
complexity (Wikipedia Encyclopedia, ‘Kolmogorov Complexity’, 1-7). Li and
Vitanyi (1993/1997) have also included the following proper names for
Kolmogoroy Compexity: K-complexity, Kolmogoroc-Chaitin randomness,
algorithmic complexity, descriptional complexity, and minimum description
length (Li and Vitanyi, 1993/1997: vi).

Endnote# 4 Not unlike some ‘legacies’ from the ‘dark continent (Jensen,
1963: 116-117),

Endnoteff 5 Fuzzy logic is the development from the fuzzy set, introduced by
L.A. Zadeh in 1965, The ‘fuzzy set’ represents a class who's characteristics
have no sharp boundaries (Ralston, Reilly and Hemmindinger, 2000: 140).
The transition from non-membership [0] and full membership [1] is gradual,
rather than abrupt, with some elements being intermediate, those that are
considered as 'marginal’ or ’less acceptable’, between either [0] and [1]
(Ralston, Reilly, and Hemmindinger, 2000: 140).
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Endnote# 6 Chomsky makes an interesting comment in Horgan (1996) in
that he *was almost totally incapable of learning languages’ and that he was
not even a ‘professional linguist’ (Horgan, 1996: 150). Two of Chomsky’s
‘famous’ early works on linguistics are ‘Syntactic Structures’ (1957) and
*Aspects of the Theory of Syntax’ (1965). Unfortunately, | have had to ‘deal’
with the *social’ aspects to Chomsky’s *revolution’ in that I was always being
harassed by either pro-Chomskian’s, usually ‘hippy types’, and anti-
Chomkians, usually military-industrial ‘block-head’ types, that raised my
blood pressure and lowered my L.(). by their constant and out of date, it was
at the time the late 1980°s through the mid 1990°s, 1987-1994, 1960°s ‘culture
wars'. These ‘language wars’ are examined in Harris (1993). 1 quickly
made the move from linguisties to ESL, English as a Second Language, a field
where the people are more contemporary and less ‘crazed’. It was not much
of a leap from Chomsky’s early formal language work of the mid 1950°s
through the early 1960's to Algorithmic Information Theory because
Chomsky was able to unite known logical systems and automata models in his
abstract linguistics that carried over into programming languages (Millman,
1984: 387). The Harvard psychologist Steven Pinker is probably the most
popular of those who have ‘translated’ Chomsky’s language theories with
such popular works as The Language Instinct (New York: W. Morrow and
Company. 1994). Pinker has written an interesting paper (2006) that seems to
develop a union between the sciences and humanities that I give some
credence to in that the fundamental ideas found in my work come from areas
found from both disciplines (Pinker, S. “The humanities and human nature”.
Skeptical Inquirer, Volume 30, Issue 6, November/December 2006, pp. 23-28).

Endnote# 7 Chaitin’s 1975 Scientific American article was an unintentional
vehicle for the development of a sub-maximal measure of Kolmogorov
complexity in that when I first read the article I was in a state of agitation and
I looked at the ‘nonrandom® series of ‘1’s" and “0°s" and I just decided to
‘compress’ the string of these “1's’ and *0°s’ into concatenated groups of
similar sequences with a *space’ to note an action of arithmetic, to “multiply’,
by a specific number to duplicate the required number of *1°s’ or *0°s’. The
agitation was a by-product of a *‘dyspepsia’ induced by an ‘indigestible’ meal.
In other words my gut feeling was really a GUT feeling. The properties of a
‘visual’ intelligence is addressed in Kemp’s article from a book of the same
topic (Kemp, 2006: 48-49). I find that my ‘visual® perception of what was
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‘laborious’ or ‘redundant’ in the Chaitin (1975) article of the segments of
string of ‘1’s’ and ‘0%’ in sequential groups was the vital key to the
development of a new measure of Kolmogorov complexity. It seems I had
arrived at the answer before | had the gquestion.

Endnote# 8 For a concise biography of Shannon see the ‘Biography’ section
of Shannon’s collected papers (1993) edited by Sloane and Wyner. Shannon
relieved his Master’s of Science degree in electrical engineering, awarded in
1937, at MIT that was titled ‘A symbolic analysis of relay and switching
circuits’ and was heralded as ‘one of the most important master’s thesis ever
written’ by H.H. Goldstine, because Shannon had studied relay and switching
circuits and incorporated symbolic logic and Boolean algebra into a two
value, binary, system and that it could be used for that analysis and synthesis
of such processes (Sloane and Wyner, 1993: xi-xii, 469-495). Shannon’s
doctorial work in algebra, at MIT, for population genetics, awarded in 1940,
was titled ‘An algebra for theoretical genetics’ and has been something of an
emigma to geneticists in that it is ‘entirely unknown to contemporary
population geneticists’ (Sloane and Wyner, 1993: 921). Weil (2003) notes that
Shannon had conceptualized his dissertation while working with Barbara
Burks, a geneficist, at the Cold Springs Harbor laboratory during the
summer of 1939 (Weil, 2003: 493). Weil (2003) siates that Shannon’s
Doctorial work, awarded in 1940, greatly aided in the organization of genetics
(Weil, 2003: 493).

Endnote# 9  Bell laboratories has an almost ‘mythical’ legacy in being an
institution that supported great scientific discoveries. While it’s parent
company, AT&T, has been split up, down sized and sold to other companies,
it's current incantation has it as at&t; in ‘small’ letters, Bell labs is still one of
the largest and most productive private laboratories in the country (Stokes,
2006: 3, Hochfelder, 2002, Cauley, 2005, and Henck and Strassburg, 1988).
Bell laboratories also has ‘Bell Labs® in China, India and Ireland. [t seems
that research has become a “global’ phenomena beyvond America’s frontier. 1
am sure that if Horace Greeley were alive today he would have said *Go East
young man” instead. Ernst (2006) notes the rapid development of research
laboratories in Asia as ‘innovation’ goes *offshore’ (Ernst, 2006: 29-33),

Endnote# 10 Gell-Mann addresses complexity in his book ‘The Quark and

the Jaguar’ (1994). The biography of Gell-Mann was edited by George
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Johnson and seems to portray Gell-Mann as a bi-polar, trinket stealing
scientist with a bad case of writers block (Johnson, 2000). The book even
tells of how the other publishers termed Gell-Mann's book ‘The Quark and
the Jagunar’ (1994) as ‘The Jerk and the Quagmire’ because of the delays in
submitting the manuscript to the publisher (Johnson, 2000: 344). Gell-Mann
even failed to submit his official 1969 Nobel Prize Lecture for the annual
celebratory volume (Johnson, 2000: 10). A more honest account of Gell-
Mann can be found in a scientific volume that details his life in science
(McMurray, 1995). In this biographical sketch Gell-Mann's interest in
linguistics, especially ‘new’ word formations, is given light, as well as his wide
area of interests, including educational reform (McMurray, 1995: 745).

Endnote# 11 Shannon makes the comment to Anthony Liversidge, in an
interview, that Wiener didn’t have much to do with information theory and
that he, Wiener, was not a big influence on Shannon’s ideas about information
as entropy (Sloane and Wyner, 1993: xxvii). Shannon had reviewed Wiener's
book *Cybernetics’ (1948) for the ‘Proceedings of the Institute of Radio
Engineers’ (1949) and finds the book an ‘excellent introduction’ into the filed
of communication theory (Sloane and Wyner, 1993: 872-873). Shannon makes
this claim even after citing ‘numerous misprints’ and a *few errors of over-
simplification’ in Wiener*s book (Sloane and Wyner, 1993: 872). This seems
to be a common feature in technical book reviews as Jurgen Schmidhuber
reviews Seth Lloyd’s Programming the Universe (New York: Alfred A. Knopf,
2006) for the American Scientist, July-August edition 2006, that attack’s most
of the book with such comments as “Some of Lloyd’s statements reflect a
certain naivete about some topics in computer science™ and then points to a
fundamental error in describing the Church-Turing Hypothesis
{(Schmidhuber, 2006: 364). Schmidhuber concludes his review with the
comment: “Despite my few quibbles, I recommend this well written book
without hesitation to anybody interested in an overview of basic ideas in the
field. I intend to buy a few copies as presents for my friends (Schmidhuber,
2006: 365). If he, Schmidhuber, writes book reviews like this one it is little
wonder he has any friends at all. Why, after trashing a book, would one
endorse that book? The few “quibbles’ about the book run the entire length of
the two page book review. The point is if you give a negative review of a book
maybe vou shouldn’t endorse that book.

158



Endnote# 12 It is interesting to note that the idea of ‘newer’ in terms of
technology is not always better. The Apple iPod device that is hailed as the
‘next big thing’ in consumer electronics has the novel feature of being played
at potentially damaging sound levels, 115 decibel level, but still manages to be
considered “The Perfect Thing” by Steven Levy (2006). Even the first
portable transistor radio, The Regency TR 1 (1954), had a volume control
(Riordan and Hoddeson, 1997: 212). Apple’s products were even developed
by other company’s technology, most notoriously, PARC Xerox as depicted in
Hiltzik’s Dealers of Lightening (Hiltzik, 1999). Perhaps a book should be
written on Apples early history with the title ‘Stealer’s of Lightening®. My
first encounter with Silicon Valley “iruths’ came in 1973 when I was in Junior
High School in Palo Alto, California and my friend had told me his father,
Nolan Bushnell, had ‘invented’ the video game called *pong’. It would be
years later that 1 would find out, and so it would seem the world, that Mr.
Bushnell did not invent “pong’ but rather a Mr. Ralph Baer in 1966 who later
joined with Magnavox with the product coming onto the market in the early
1970°s. Other Silicon Valley ‘legends’ can be found in Stoll’s (1995) Silicon
Snake Oil.

Endnote# 13  The field of artificial intellizgence celebrated it’s 50" founding
conference at Dartmouth College on July 13-15, 2006 with John McCarthy,
Marvin Minsky, and Ray Solomonoff aitending as original 1956 conference
participants. McCarthy, then on Dartmouth College’s mathematics faculty,
coined the term ‘artificial intelligence’ to emphasize the Project’s focus in this
1956 conference.

Endnote# 14 Words have the duality to be both clear and ambiguous.
Words such as ‘information’, ‘knowledge’ and ‘intelligence’ have a social
power well beyond dictionary meanings. Information has had a long
standing, common-sense meaning before Shannon used it to describe
‘entropy’ in a communications system (Roszak, 1986: 13). Roszak notes the
popular use of “information’ and ‘knowledge’ as if thev were synonymous,
especially as it applies to the notions of the mechanics of social forces; the
information age’ (Roszak, 1986: 22). This age of information is due in no
small part to the advent of microelectronics that have allowed a ‘closed’
system for utilizing information in the form a single medium of electronic
signals (Barron and Curnow, 1979: 27). Hence, the bases for an information
society is one that has a robust and reliable communications system (Barron
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and Curnow, 1979: 31). One can see the same techniques being applied to sell
the ‘internet’ especially as a ‘learning’ tool for educating children (Tapscott,
1998: 127-157 and Talbott, 1995: 143-149). The generic type of marketing
‘hype’ book can be seen in Tapscott (1998) that can be balanced by the more
‘dystopian’ work such as Talbot (1995). Intelligence is also a misused word
that beyond the statistical measure used by psychologists has little or no
reason for use especially when trying to define ‘athletic’ traits that seem more
appropriate to a record book than a text book (Roszak, 1986: 13).

Endnote# 15 The nature of a ternary system is common in nature as a
“gystem of three’s” seems to have a ‘natural’ robustness over other number
types (Thompson, 1961: 260). In the study of languages the structure of the
Arabic language is best known for its interdigitated morphology (Asher and
Simpson, 1994: 193). What is meant by ‘interdigitated’ morphology is that
the basic morphological unit in word building is a large set of mostly
triconsonant roots with a small corpus of fixed consonant-vowel patterns that
are applied to these roots to generate various categories of verb and noun
stems (Asher and Simpson, 1994: 193). The most common triconsonant root
in modern literary Arabic is KTB, having to do with writing, of this
algebraic-looking Semitic language grammar (Kaye, 1990: 665-666).

Endnote# 16 AlKhwarizmi, Muhammad ibn Musa al-Khwarizmi, was a
Persian polymath, mathematics, astronomy, astrology, and geometer, and
author of The Compendious Book on Calculation by Completion and
Balancing (820 A.D.) (Wikipedia, “The Compendious Book...*, 2006: 1). The
work seems to have connections to Indian and Hebrew texts as there are no
citations and is considered by scholars to be a compilation of knowledge from
the Muslim world (Wikipedia, “The Compendious Book...”, 2(06: 1). An
interesting event occurred when I tried to type Al-Khwarizmi’s name in the
reference section of this thesis and was changed by the spell checking system
on my computer to ‘Al-Charisma’. This effect of unintentional changing of
words due to automatic spell checkers is known as the ‘Cupertino Effect’
(Biggar, 2006: 1). Biggar (2006) notes that automatic computer spelicheckers
tend to replace 'cooperation’ with 'Cupertino’, a city just north of San Jose,
California, with a new word coined for such a process of words erroneously
changed and inserted into documents (Bigger, 2006:1). 5Such words as
“prosciutto’ are mistaken for ‘prostitute’ and “identified’ for “denitrified’ and
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this ‘Cupertino Effect’ has its origins going back to 1989, with documents in
2000 for the European Union, EU, being rift with ‘Cupertino’ instead of
‘cooperation’ (Bigger, 2006:1).

Endnote# 17  In 2004 I moved my company, Advanced Human Design from
Cupertino, California, established in 1992, to the Central Valley of Northern
California. This move was in part due to the “quality of life’ issues that had
developed in the Bay Area over the last decade (Seyfer, 2006: 1-2).*

*Seyfer, J. (20006) “Bay area brain drain™.

Silicon Valley.com., Friday, March 24, 2006., pp. 1-2. Web address:
valley.com/mld/siliconvalley/14177694.htm ?template=conte

ntModules/.
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Technical Paper
Advanced Human Design
Yolame 1, Number 1 December 2006

Title: A Ternary Based System for Information Theory
By B. 5. Tice

Abstract

A radix 3 based system of characters, or symbeols, composed of three separate
symbols will be examined ¢o prove that it is a more efficient, robust and
‘atilizable’ than a binary bit system that is currently used today for
information theory.

Introduction

Information theory was developed by Shannon in 1948 with the fundamental
unit of *information’ based on a radix 2 system composed of two symbols ,a 1
and a 0, each having no semantic value other than being the opposite of the
other symbolically (Shannon, 1948). Richards (1955) has noted that the radix
three, a ternary system, as the most efficient base, more so than the radix two
and radix four base systems (Richards, 1955: 8-9). Because the radix 3 based
system, or ternary system, is composed on 3 separate characters, the ternary
system will be examined to show it to be more efficient, robust and utilizable
than the binary system. A proofing operation consisting of a ‘modified
symbolic space multiplier program® will provide a compression value that will
be lower than the Kolmogorov Complexity value found in algorithmic
information theory that used a binary base of random strings (Tice, 2003),

Part 1

The *‘modified symbolic space multiplier program’ is a development from the
‘symbolic space multiplier program® developed by Tice (2003) using a random
string of binary bits (Tice, 2003).

The Modified Symbolic Space Multiplier Program

1.) The character symbol before the space is both the symbol to be multiplied
and the multiplier as directed by the key code gnide.

2.) The key code uses the character symbol to be multiplied to be the
multiplier. The character can represent only one value of multiplication



although different character symbols can represent the same wvalue of
multiplication through out the string.

3.) The system was designed to utilize multiple radix based character systems.
An example |[A] of a random string of ternary characters 20 trits in length.

Note: A trit is a ternary system term for three characters. Similar to bits for a
binary bit system.

Example [A]:
[A] 11000111 000000001100

Using the Key Code on example [A] the following will result as seen in
example |B]:

Key Code
1=x3
0=x3
o=>5

Example [B]:
[B] 110-1-0-0-1100

Resulting in a character length of 10 trits,

Partll

The ternary system was compressed by fifty percent from the original
random 20 character trit string. This is a more compressed value than
Kolmogorov Complexity has for a random string as well as being a more
compressible form than the traditional random binary bit string (Tice, 2003:
64). The ternary system has shown a more efficient level of compression, a
greater flexibility and utilization than traditional binary bits and is a more



robust system because of these features that seem inherent in the radix 3
based system.

Summary

A ternmary based system has been shown to be more compressible than a
binary based system and has important aspects to algorithmic information
theory regarding Kolmogorov Complexity. These qualities of compression
have important developments in the areas of transmission and storage with
respect to information theory as well as to a fundamental understanding of
the laws that governing our world.
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Technical Paper
Advanced Human Design
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Title: A Radix 4 Based System for Communications Theory
By B.S. Tice

Abstract
The introduction of a radix 4 based system composed of four separate
characters that forms a more efficient, robust and utilizable system than

traditional binary bits. This has important applications to communication
theory.

Introduction

Brilliouin (1956/1962) noted fifty vears ago that the science of information has
found a diverse application to telecommunications, computing, pure physics
and to the fundamental process of scientific observations (Brillouin,
1956/1962: 1). Information theory as developed by Shannon in 1948 was
based on a binary bit system that has served information theory, computer
science and communication theory to this date (Shannon, 1948). The object of
this paper is the introduction of a quaternary based system that is composed
of four different characters, or symbols, that perform in a more efficient,
robust and utilizable manner than the traditional binary system. This paper
will introduce a proofing procedure termed a ‘modified symbolic space
multiplier program® that will present compression ratios that exceed the
traditional measure of the Kolmogorov Complexity level found in algorithmic
information theory. The foundational work for this compression factor can
be found in Tice (20{3) and is a development originally found using a random
binary bit string (Tice, 2003).

Part 1

The ‘modified symbolic space multiplier program® was a development from
the ‘symbolic space multiplier program’ developed by Tice (2003) using
random binary bit strings (Tice, 2003).

The Modified Symbolic Space Multiplier Program

1.) The character symbol before the space is both the symbol to be multiplied



and the multiplier as directed by the key code guide.

2.) The key code uses the character symbol to be multiplied to be the
multiplier. The character can represent only one value of multiplcation
although different character symbols can represent the same value of
multiplication through out the string.

3.) The system was designed to utilize multiple radix based character systems.

A random string of a radix 4 based character system, four separate character
types or symbols, is used in example [A].

Example [A]
[A] 11000111 000000001100
Using the key code guide the following will result in example [B]:
Key Code
0=x3
1=x3
0=X 3
0=x3
Example [B]:

[B] 110-1-0- O-1100

Resulting in a quaternary character length, a radix 4 based character length,

of 10. This compression of a random set of a quaternary string of characters
is reduced by fifty percent.

Part 11
Because compression of a string of characters is fundamental to the optimal



operation of communication transmissions and storage, the functional aspects
of this compression ration to reduce the size of a string of symbols points to
strengths of such a 4 character, or symbol, system. A quaternary based
system becomes more efficient than a binary bit system because it can be
compressed to a greater degree and provides a more robust system for
information in that system (Tice, 2003: 64). In effect, the radix 4 based
system becomes more ‘utilizable’ because of it's ability to compress to a
greater degree than a binary system and provides applicable standards to
communication systems.

Summary

The compression ratio for a quaternary based system is superior to a binary
system and has influential theoretical and applied aspects beyond algorithmic
information theory to that of information theory and to communication
theory as a whole.
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The Use of a Radix 5 Base for Transmission and Storage

of Information
Bradley 8. Tice
Advanced Human Design P.O. Box 3868 Turlock, California 95381 U.5.A.

ABSTRACT

The radix 5 based system employs five separate characters that have no semantic meaning except
not represonting the other characters.  Traditional literature has a randem string of binary
sequential characters as being “less patterned™ than non-random sequential strings. A non-random
string of charscters will be able o compress, were a3 a random string of charscters will nod be able
tw compress.  This stsdy has found that a radix 5 based character length aliows for equal
compression of random and non-sandom sequential strings.  This has imporant aspects fo
information transmission and storage.

Keyword List
Radix 3, Information Theory, Algorithmic Information Theory, Transmission, Storage,
Communication Theory.,

INTRODUCTION

As communications handle an ever-growing amount of information for transmission and storage,
the very real need for an upgrade in the fundamental structure of such a system has come to light
As the very bases of coding is compression, the greater the amount of infonmation compressed, the
more efficient the system. The earliest calculating machine was the human hand, it's five digits
representing a natural symmetry found, with frequency, in the organic world [1&2]. A radix 5
base system, also known as 8 quinary numeral system, i3 compaosed of five separate characters that
have no meaning apart from the fact the each character is different than the other charactzrs. This
i a development from the binary system used in Shannon's information theory (1948) [3].

Part 1

The radix 3 base is nod the traditional binary based error-detection and error-cormecting codes that
are alse known as “prefic codes” that wse a 5-bit length for decimal coding [4]. A radix 5 base is
compased of five separate symbols with each an individual character with no semantic meaning. A
random string of symboels has the quality of being “less pattemed” than a non-random string of
symbols. Traditional literature on the subject of compression, the ability for a string to reduce in
size while retaining “information’ about its original character size, states that a non-random string
of characters will be able to compress, were as the random string of characters will not compress
[51.



Part 11
The following examples will use the following symbols for a radix 3 based system of characters
[Example A]

_'—-GG-"E
by
i

The following is an example of compression of a random and non-random radix 3 base system. A
non-random string of radix 5 based characters with a total 15 character length [Group A

Ciroup A oo RO | L ETTE
A random string of & radix 5 based characters with a tedal of 15 character kength [Group B

Group B 0ooDOQQOOL T

If 2 compression program were fo be used on group A and group B that consisted of underlining
the first individual character of a similar group of sequential characters, moving towards the right,
on the string and multiplying it by a formalized system of arithmetic as found in & key, see Keay
Coxde & and Key Code B, with the compression of group & and group B as the final resolt,

Key Code A {(For Group &)

Ll
O=x3
O=x3
I=x3
I= x3

Group A ol 11

Resulting m a 5 chamacter length for Group A,

Kev Code (For Group B

g=x 3
O=x2
=xd
== 2
1= x4

Ciroup B a1
Resulting in a 5 character length for Group B..
Both Groug A (Mon-random) and Group B (Random) have the same compression values, each

group resulied in & compression value of 113 the total pre-compression, original, state, This
2



contrasts traditional notions of random and non-random strings [6]. These fndimgs are similar o
Tice (2003} and have applications to both Algorithmic Information Theory and [nformation
Theory [7].

Some other examples using Example A Radix 5 charsciers [oO011] to test random amd non-
random sequential strings.

The following i= a non-random string of a radix 5 based characters with a total of 13 character
length [Group A]

Group A 00oO0OQ0QO1 LI

A random string of a radix § based characters with a total of 15 character length (Group C)

Ciroup O a0 R O]

If a compression program wers to be used on group A and group C that consist of underlining the
first individual character of a similar group of sequential characters, moving towards the right, on
the string and multiplying it by a formalized system of arithmetic gs found in a key, ses Key Code
A and Kev Code C, with the compression of group A and group C as the final resuli.

kev Code C {For Geowp A

o=x3
Q=3

0=x3
1=i3
|=x3

Growp A a0l

Resulting im a 5 character length for Growp Al

0~x5
=x1
Q=
1=x1
I=x1

Gromp ©C o101
Resulting in a 5 character length for Group C,

Thizs example has Group A as a non-random siring and Group [¥ as a random string using radix 3
characters for a total 15 character length.

& non-random string of radix 5 characters with a 13 character length {Growp A).

Group A 00oQOOCQOO! 11



A random string of a radix 5 based characters with a tofal of 13 charscter length {Group D,
GroupD 000000 T

I & compression program were to be used on group A and group D that consisted of underlining
the fiest individual character of a similar group of sequential characters, moving towards the right,
on the string and multiplying it by a formalized system of arithmetic as found m a key, =ee Key
Code A and Key Code D, with the compression of group A and group [ as the final resualt

Kev Code & (For Group A)

o=K3
=3
h=x3
1=x3
I=x3

Group A o310
Resulting in a 5 character length for Group A
Key Code [N For Group [2),

o=xl
C=xd

O=xl
1=xd
1==4

Group D 00011
Resulting in a 5 character length for Group D.

As a final example Group A s 8 ron-random sequential string and Groap E as a random ssquential
siring using & redixz 5 characters for a tedal of 15 character length,

A non-random string of radix 5 based characters with a 15 character length (Group A).

Group A LT slnle s TR BRI

A random string of a radix 5 hased characters with & total of 135 character length (Group E).

Group E OO0 T

If & compreasion program were to be used on group A and group E that consisted of underlining
the first individual character of a similar group of sequential characters, moving to the right, on the

string andd multiplying it by & formalized system of arithmetic as found in a8 key, see Key Code A
and Kev Code E, with the compression of group A and group E as the final resuli,



Key Code A (For Group A)

o=x3
O=x3
=x3

1=x3

I=x3

Group A 3011

Resulting in a 3 character length for Group A

Eeyv Code E {For Group E}.

0=x2
O=xd
O
I=x3
1=x2

Group E ok
Resulting in a 5 character length for group E.
Again, these examples conflict with traditbonal notions of random end non-random sequential

srings in that the compression ratie 15 ene third that of the original character number length for
baoth the randorm and non-randorm sequential strings using a radix 5 base system,



Part 101

Traditional information based systems use a binary based system represented by cither a
| or a 0. First developed by Claude Shannon in 1948 and termed ‘information theory',
this fundamental unit has become the hackbone of our information age. One important
aspect to information theory is that of data compression, the removal of redundant
features in a message that can reduce the overall size of a message [B). With the
substantial compression values found in vsing a radix 5 based svstem it seems a new
paradigm has arrived to carry the future of information.

Information technology has been the major driver of the economic growth in the past
decade adding 52 trillion a vear to the economy [9]. This growth needs 1o be sustained
in order for new jobs and the economy to maintain & high standard of living. Only by
considering alternative developments to existing models of technology, can the future of
the economy develop and continue at a successful level of growth,

The internet was an outgrowth of the cold war as a government-sponsored project to
develop a communications network that was decentralized [10]. Today the intemet is the
major highway of global information with search engine technology rapidiy taking center
stage on both universities research departments as well as the Dow Jones index. The
need to handle this vast and ever growing amount of information will need a fundamental
change to the very nature of the structure of our information systems. [t is clear that any
new developments fo deal with more and more information must bepin at the
fundamental level.

With a radix 5 base thet bas been proved to have the compression ratie similar in both random and
non-random stafes, the question of wwsage as a medium For trmnsmission and storage of information
becomes paramount. With an ever increasing need for transmission and storage in the areas of
felecommunications and computer science, the viability of a new svstem at the fundamental level
of communication theory that b5 both robust and diverse enough 1o allow for future growth beyond
the binary based system in use today.



SUMMARY
This paper has shown that & radix 5 based system has profound properties of compression thal are
well bevond those found in binary svsterns using sequential sirings of a random and non-random
types.  These compression values have sirong potential applications to information theory and
communécation theory as a whole.

While the identical compression values for random and non-random radix 5 besed stnings 15 8
result of this paper, the application of this theory to communication theory cannot be understated.
It has been shown that a radix 5 based svstern bas a compression factor that makes it an ideal
functional standard for future information syatems, particukarly in the fields of telecommunications
and compuber scicnce.



REFERENCES
L. G, Wrah, The Deiversal History of Numbers, John Wiley & Sons, Inc., Mew York, 2006, p. 47

2. H. Weyl, H, "Symmetry”, p. 710, In Mewman, I. B. (Editor} The World of Mathematics,
Simon and Schuster, Mew York, pp. 671-T24

3, C.E. Shannon, *A mathematical theory of communication”, Bell Sy=. Tech. Jour 27, 379423 &
623656 (1 948)

4. BK. Richards, Arithmetic Operations in Digital Computers, [, Van Mestrand Company,
Inc.. Princeton, 1955, p. 184,

3. 8. Kotz and .1, Johnson, Encyclopedia of Statisiice! Sciences, John Wiley & Sons, Inc.,
New York, 1982, p. 39.

. 5, Kotz and ML, Johnson, Ercyvelopedia of Sratistical Sefences, Tobhn Wiley & Sons, Inc.,
Mew York, 1982, p. 39

7. B.A. Tice, Twe Models of Information, 1% Books Publishers, Bloomington, 2003
5. B, Gates, M. Myhrvold and P. Rinearson, The Road Ahead, Viking, Mew York, p. 30,

%, F. Davis, “Impact of imformation technology touted”, Sificon Vailey com, March 14,
2007, p- 1

1% LE. Muecherlein and PJ. Weiser, Digltal Crossroads, The MIT Press, Cambridge, 2005,
p 129,



Appendix D

An essay prepared for Advanced Human Design.

180



In Praise of Paperclip Physics
By
Bradley S. Tice
My experience with Kolmogorov complexity began in 1998 while doing
research for my company Advanced Human Design, that was then located in
Cupertino, California. Advanced Human Design is a boutique sized research
and development company that focuses on telecommunications and medical
information sciences. The companies motto is ‘Tomorrow’s future today’, but
it should have been *Yesterday's future tomorrow’ as almost all of my work
revolves around outdated and arcane subject matter that seems to work
despite time and the progress of technology. One of the more interesting
aspects of my work is that it involves paper and pencil research that seems
bucolic to the big science of the late twentieth and early twenty first century
world. Thus the term “paperclip physics’ in the title of this essay as it is both

inexpensive and involves only myself.

In reading histories of the quantum sciences ‘golden years’ (1900 through
1930), I find a similar feeling of discovery that is not shackled by big budgets

or armies of researchers. Gino Segre notes in his book ‘Faust in Copenhagen’

(2007) that:
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Those discoveries of 1932 sometimes called the Miracle Year of
experimental physics, also shifted the emphasis in physics from
theory to experimental, from research done with a pencil and

paper to research done with sophisticated tools in a laboratory

(Segre, 2007: 7).
A similar atmosphere is gleamed from reading ‘Uncertainty’ by David Lindley
(2007) also about the development of quantum physics in the early years of
the twentieth century. Fueled by cafene from coffee and allowed time to think
in the modern day coffee houses, I was able to develop the necessary insights
to develop concepis for Kolmogorov complexity as it related to algorithmic

information theory and information theory.*

As this is 2008 and the tenth anniversary of my interest in Kolmogorov
complexity, some points need to be made regarding this research. 1
copyrighted a manuscript in 2000 that has a chapter dealing with a sub-

maximal value of Kolmogorov complexity as it relates to sequential binary
strings. I published my Ph.D. dissertation as “Two Models of Information’,

essentially a chapter from the copyrighted 2000 manuscript, in 2003
(Bloomington: AuthorHouse) and I copyrighted two papers dealing with
radix 3 and radix 4 bases using Kolmogorov complexity in 2006 as well as
copyrighting the first edition of this dissertation in 2006. A radix 5 based

system dealing with Kolmogorov complexity was copyrighted in 2007.
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The results of this research have provided a ‘fundamental’ aspect to the
known limits of Kolmogorov complexity that has both sirong theoretical and
applied applications in both algorithmic information theory and information
theory. As it relates to the broad field of telecommunications theory, the very
nature of the substantial compression values obtained in this research point to
applications in the fundamental structure of information, mainly the archane
binary bit system. The promize of guantum information theory is still a
promise and new ideas and technologies are needed to get the market moving
(Venema, 2007: 175). One last comment, the 2007 Nobel Prize for Physics was
awarded for the discovery of the effect of the giant magnetoresistance (GMR)
that allowed for compression of information on hard disc drives for the

electronics industry (Brumfiel, 2007, 643).

The discovery of substantial compression in random sequences of strings that
result in a ‘sub-maximal measure of Kolmogorov complexity’ have a direct
effect on applied aspects of the telecommunications industry and
communication theory as a whole and has a greater net effect on the industry
as a whole than previous discoveries. This research seems to be the future of

information, as we know it.
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* An interesting book by Brian Cowan titled The Social Life of Coffee: the
Emergence of the British Coffechouse (New Haven: Yale University Press,
2005) gives a history to the ‘coffechouse’ experience.
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A Comparison of a Radix 2 and a Radix 5 Based Systems
Bradley 5. Tice
Advanced Human Design P.O. Box 3868 Turlock, California 95381 U.S.A.

ABSTRACT

A radix 2 based system is composed of two separate character types that have no meaning except
mot representing the other characier (ype as defined by Shannon in 1948, The radix 5 based system
employs five separate characters that have ne semantic meaning except not representing the other
charscters, Traditional literature has a random string of binary sequential charcters as being “less
patterned™ than non-random sequential strings. A non-random string of characters will be able to
compress, were as a random string of characters will not be able to compress.  This study has
found that a radix 3 based character length allows for equal compression of random and non-
random sequential sirings. This has important aspects (o information fransmission and storage.

kevword List
Radix 3, Information Theory, Algorithmic Information Theory, Transmission, Storage,
Communication Theory,

INTRODUCTION

Az communications handle an ever-growing amount of information for transmission and storage,
the very real need for an upgrade in the fundamental structure of such a gystem has come 1o light,
As the very bases of coding is compression, the greater the amount of information compressad, the
more efficient the system. The earliest calculating machine was the human hand, it's five digits
representing a natural symmetry found, with frequency, in the organic world [1&2]. A mdix 5
base system, also known as a quinary numeral system, is composed of five separate characters thar
have no mesning apart from the fact the each character is different than the other characters. This
15 a development from the binary system used in Shannon's information theory (1948) [3].

The Radix 2 Based System

The radix 2 based system is a two character system that bas no semantic meaning except not
representing the other character type. The traditional 1 and O will be used in this paper.

The following is an example of compression of a random and non-random radix 2 based svstem.
A non-random sequential string of characters will have a total length of 15 characters as seen in
Giroup A

Group A: 1110000 11000111

A rinchorn sequential string of characters will have a total length of 15 characters as seen in Group
B.

Group B: RLOCRRR R R R

IF & compression program were to be used on Group A and Groop B that consisted of underfining
the first individual character of a similar group of sequential characters, moving towards the right,
on the string and multiplying it by a formalized system of arithmetic as found in a key, see Kev
Code 1 and Key Code 2, with the compression of Group A and group B as a final result.

[



Ky Code | (For Group A

I=x3}
0= x3

Group A L0101
Resulting in & compressed state of 5 characters for Group A,
Eey Code 2 (For Group B)

= x5
0= x4

Giroup B (RRLIRN
Resulting in a compressed state of 8 characters for Group B.

Compression valwes of the pop-random binary sequential string are one third the original 13

character length and the random binary sequential siring are almest hall of the orgmal random 13
character length.

Part 1
The radix 5 base is not the traditional binary based error-detection and error-cormecting codes that
are also known as ‘prefix codes” thal use a 5-bif length for decimal coding [4]. A mdix 5 base is
composed of five separate symbols with each an individual character with no semantic meaning, A
random string of symbols kas the quality of being “less patterned” than a non-random string of
svmbaols, Traditional literature on the subject of compression, the ability for a string to reduce in
size while refaining ‘information” about i3 original character size, states that a non-random string
of characters will be able to compress, were as the random siring of characters will not compress

{51,



Part 11
The following examples will use the following symbaols for a radix 5 hased system of characters
[Example A |

The following is an example of compression of a random and non-random radix 5 base system. A
nen-randbom string of radix 5 based characters with a tofal 15 character length [Group Al

Group A 000000000 LI
A random string of a redix 5 based charscters with a total of 15 character length [Group B].
Growp B eoeOOOQC00] LI

If a compression progrum were fo be wsed on group A and group B that consisted of underlining
the first individual character of a similar group of sequential characiers, moving towards the right,
o the string and multiplying it by o formalized system of arithmetic as found in & key, see Key
Code A and Key Code B, with the compression of group A and group B as the final result

key Code A (For Group A

o= %3
O=x3
Q=xi
I=x3
= x13

Ciroup A ol Q11

Resulting in a 5 character length for Group A
Key Code B {For Group B

o=x 3

O=x2

Q= x4

I==x 2

=4

Group B a0 11

Resulting in & 5 character length for Group B..
Both Group A (Mon-random) and Group B (Random) bave the same compression values, cach

group resubted in a compression vales of 153 the otal pre-compression, original, state. This
3



contrasts traditional notions of random and non-random 2irings [6]. These findings arc similar to
Tice (2003) and have applications to both Algorithmic Information Theory and Information
Theory [7].

Some other examples using Example A Radix 5 characters [oCR11] to test random and non-
randorm sequential strings.

The following is & nom-random string of a radix 5 based characters with a total of 15 character
length [Group Al

Group A oo OO TN

A random string of a radix 5 based characters with a total of 15 chamcter length (Group C).

Grroup O e W R HOCHN |

If a compression program were to be used on group A and group C that consist of underlining the
first individual character of a similar group of ssquential charscters, moving towards the right, on

the string and multiplying it by a fommalized system of arithmetic as found in a key, see Key Code
A and Key Code C, with the compression of group A and group C as the final result.

Eey Code A (For Group A

o=x3
0=x3
0=x3
1=n3
=3

Group A a0g 11

Resulting in a 5 character length for Group A.

Kev Code C (For G e
o=x5

O=x1

Q=x5

I=x1

I=xl

Group C oDOI]

Fesulting i a 5 character length for Group €.

This example has Group A as a non-random string and Group D as a random string using radix 5
characters for & total 15 character length.

A non-random string of redix 5 charscters with & 15 character length (Group A).

Ciroup A o RO LTI



A random string of & radix 3 based characters with a total of 13 character length (Group D}
Group D 0OOO0OQOQTI1L

If & compression program were to be used on group A and group [} that consisted of underlining
the first individual character of a similar group of sequential characters, moving towards the right,
on the string and multiplying it by a fosmalized system of arithmetic as found m & key, see Key
Code A and Key Code D, with the compression of group A and group D as the final result.

Key Code A (For Group A)

o=K3
O=x3
F=x3
1=x3

[=x3%

Graup A o)

Resulting in a 5 character length for Growp A.
fey Code D{For Group 1.

o=x1

O=xd

Q=xl

I=x4

I=x4

Group D oW1

Resulting in & 5 character length for Group D

As & final example Group A is a non-random sequential string and Group E as a random sequentizl
atring using a radix 5 characters for a total of 15 character length.

A non-random string of radix 5 based characters with a 13 character length (Group A).

Group A oooOC OO T

A random string of a radix 5 based characters with a total of 15 character length (Group E).

Group E oo OOCH OO T T

If & compression program were to be used on group A and group E that consisted of underlining
the first individual character of a similar group of sequential characters, moving to the right, on the

string and multiplying it by a formalized system of anithmetic as found in a key, see Key Code A
and Key Code E, with the compression of group A and group E as the final result.



Kev Code A {(For Group Ad

0=K3

O=K3

Q=x3

I=x3

I=x3

Group A o011

Resulting in a 5 character length for Group A,

keey Cpdee E {For Group E.

o=x2
Di=xd
C=xd
I=x3
1=x2

Group E 1]
Resuliing in a 5 character lengih for group E.
Again, these examples conflict with traditional notions of random and non-random sequential

strings in that the compression ratio is one third that of the oniginal character number length for
both the random and non-random segquential strings wsing a radix 5 base system.



Part 171

Traditional information based systems use a binary based system represented by either a
1 or a 0. First developed by Claude Shannon in 1948 and termed “information theory”,
this fundamental unit has become the backbone of our information age. Cne important
aspect to information theory is that of data compression, the removal of redundant
features in a message that can reduce the overall size of a messapge [8]. With the
substantial compression values found in using a radix 5 based system il seems a new
paradigm has arrived to camry the future of information.

Information technology has been the major driver of the economic growth in the past
decade adding $2 trillion a year to the economy [9], This growth needs to be sustained
in order for new jobs and the economy to maintain a high standard of living. Only by
considering alternative developments to existing models of technology, can the future of
the economy develop and continue at a successful level of growth,

The internet was an outgrowth of the cold war as a government-sponsored project to
develop a communications network that was decentralized [10]. Today the internet is the
major highway of global information with search engine technology rapidly taking center
stage on both universities research departments as well as the Dow Jones index. The
need to handle this vast and ever growing amount of information will need a fundamental
change to the very namre of the structure of cur information systems. [t is clear that any
new developments to deal with more and more information must begin at the
fundamental level.

With a radix § hase that has been proved w have the compression rafio zimilar in both random and
non-random states, the question of usage 2% a medium for transmission and storage of information
becomes parsmount,  With an ever increasing need for ransmission and storage in the areas of
telecommunications and computer science, the viability of o new system at te Tundamental level
of communication theory that is both robust and diverse enough to allow for future growth beyond
the binary based system 0 use today,



SUMMARY
This paper has shown that a radix 5 based system has profound properties of compression that are
well beyond those found in binary systems using sequential strings of a random and nen-random
types. These compression values have strong potential applications to information theory and
commumication theory as a whole.

When comparing the radix 2 and the radix 5 based systems the grester compression facior of the
radix 5 based system has strong applications to signal transmission and sorage issues,

While the identical compression valses for random and non-random radix 5 based sirings is a
result of this paper, the application of this theory o communication theory cannot be understated.,
It has been shown that a radix 5 based system has a compression factor that makes i an ideal
functional standard for future information systems, particulary o the Gelds of elecommunications
andd computer sciende,
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The Analysis of Binary, Ternary and Quaternary Based Systems for
Communications Theory

By Bradley 5. Tice
Advanced Human Design, P.0. Box 3868, Turlock, Califomia 95381 LLS.A.

Abstract
The Implementation of a temary or quatemary hased system to infoemation Infrastructure to replace the
archaic binary system.  Using @ \emary or 8 quatemary based system will add greater rofustness,
coampression, and utilizability o future information systems.

Keywords: Radix 2, Radix 3, Radix 4, Binary, Temary, Quatemary, Information Theory, Communication Theary

Introduction
With the sdvent of the superior compression of both a termary and quatemary based system over that of the
traditional birasy system in information theory, the real need for @ practical application to the fundamental
strueture of ‘infoemation” must be re-considered for the 21 century. With infarmation technalogy being the
‘major deiver’ of economic grawth in the past dacada, adding 52 tillion a year to the Eeonnay, the nead to
sustaln and increass ecanombs griwth bacomies an imperitive [1].

With a growing inberest in ‘rebullding’ the intemet, the fundamental question arises ‘why ba tied to an anchaic
hinary hased system when both a temary and a quatemnary based system are maore robust, affar greater
utilizability, and have far greater capacity for compression?” [2, 3 & d4]. The answer to this question lies with
the political aspect of the innovation process, IF such a system i= to b bailt using a temary or a guatemary
barsedl system aver the out-dated binary based system then the government must be informed of tha value of
such systams over the existing systam of information based infrastructures [3].



Part |

information based systems use @ binary based system represented by elther a 1 ora 0. First devaloped by
Claude Shannon bn 1948 and termed infoemation theory”, this fundamental unit has become the ‘Dackbone'
of our information age [6]. One mpartant aspect to information theory i that data comprassion, the removal
al redundant features In & message, can ‘'reduce’ the ovarall size of a massage [7]. The necl Tor beftes
compression of messages is an ever growing necessity in both computing and communications [8]. The 2007
Mabel Prive for Physics was awarded for the discovery of GMA that has increased the capacity of computer
hard drives [9]. A mone profound effect to the computer industnd would be the change from & binary based
systenm o a bermary Or guatemany based system,

The imemet was a by product of the 'cold wer. A pgovemment sponsored project ko dewelop a
communications system that was decentralized [10]. Under the Department of Defense’s Advanced Research
Project Agency: DARPA, the Intemet started life as ARPAnet in 1969 [11]. Even Tim Bernars-Lea, the ‘father
of the wab’, states that “The Wb is far from “done™ and that it is a “jumbled state of construction” [12].

The out-growth of a Ph.D. dissedation, Google, the search engine compary, with pemaps the most extensve
computing platform in exlstence, wants to become an information giant [13). Google & in some espect &
"WMoney Machine with a value of 323 billion when it first hit the stock marked in 2004 and has recorded an
annieal profit of £3 billion in 2006 [14 & 15]



Part i
The advantages of a ternary and quatemary hased system over a binary based system for information theory.

2.1 Radix 2 Base

IRadix 2 Based System
The

Group &
Binary Mon-random Sequence
[111000111000111]

Group B
Binany Random Sequence
[111001100011111)

If Groug: A &nd Group B are compressed using the first character type and the folbowing similar character fypes
in & saquential order that follows that first character type, & numerical value to the number of character typas
gan be assigned from that similar sequence of characters that can be represented by a multiple of that
numbar represented in that group. An example will be that [111] equals the character type 1 multiplied by
three to equal [111]. Notice that the character type (s not a numerical one and does not have 8 semantic
walue beyond being different than the other charactar type [0].

Using a Key Code &5 a index of which character is o be multiplied, and by what amount, a compressed
warsion of the original length of chasacters results.

Ky Code A (Group Al
1=%3
0 =x3

Group A
Bimary Non-random Sequencs
[10101}

Resulting in Group & having 3 compression one third the original character length of 15 characters,
Key Code B (Growp B]

1=x3
0=x3

Group B
Binary Random Sequence
[1_D0110_11111]
Resulting in Group B having a compression bwo thirds the oniginal character length of 15 characters,

3



2.2, ARadixz 3 Baza

Radix 3 Based System
If a temary system, of radiz 3 based system, was used to represent both randam and non-random sequential
strings, the following thres character symbels can be used:[1], [0] and [0].

Group &
A Mon-random termarny Sequence
(11100 G0 111000000

Tatal character length of 18 chamacters,
Group ©
A Ranl o bemibny Seauence
(111200000001 100G
Total charactar kength of 18 charactirs,
Again uss of a Key Code to compeess the arlgingl total character langth by use of multiplication,
Kay Coda A (Group A)
1=13
0=x3
Q=x3

Group A Mon-randem Temarny Sequence
(100100

Total compression far Group A ks a bength of 6 chracters from the original 18 charmcter length, This ks one
third the oniginal character kength.

Hay Coda C {Growp C]
1=x3
0=x3
Q=x4

Group € Random Temary Sequence
[1_0_0Q_110_0Q_]

Total comprission for Group G is a length of 7 characters from the original 18 character kangth. This is less
thean ane kalf of the orginal character length.



2.3 Radin 4 Bage

Radix 4 Based System
If & quatamary, or radix 4 based system, was used to represent both random and non-random sequential
strings, the following character symbols can be wsed: [1], [0]. (0], and [1).

Group A
A Mon-random quakemany Sequehice.
[11 10O0QIEL 1 LO00G00N)

Total character kength of 24 chamciens.

Group D
A Random guatemiany Sequence,
(11 100N L 1 10D

Tatal character length of 24 characters,

The use of & Key Code to compress the original character length by wse of multiphication.

Key Code A (Group A)

1 =x3
0=23
0 =x3
I =3

Group A Mon-random quatemany sequence
[rooaanagm

Total compression for Group A is a length of 8 characters from the oniginal 24 character length. This ame third
the original charmcter length.

Kay Code D (Group 0

1=x
O=x
Q=x
I=x

Group D Rendom Quatamary Sequencs
[1110_Q_1_1_0000_|

Total compression for Group D is a length of 12 characters from the origingl 24 characier length. This is one
half the original chamactes langth,

5



Fart il

In 2000 the ‘Milenlum Bug', or Y2 problem, arose from the percefved problem of information systems
ehanging from one century mark to another. The concem over this problem wis global in scope. Imagin the
antire information system of the word being made ‘edundant’ by 8 superdor information system?  The
concem | have for the United States is that a forelgn power will implement a temany or quatemary based
information system that will ‘outdate’ existing binary based systems. Tha reason for this paper & to educata
policy makers to the potential power of bath a temary and quatemary based information systems [16].



Summary

The resubts of using a compression engine o compress both random and non-random sequential strings of
radiz 2, radix 3 and radix 4 based strings resulted in the following:

Radix Base Riandom Men-random
Radic 2 15 character length tatal 11 5
Redix 3 18 character length total T 6
Radix 4 24 characier length total 12 B

Both the radix 3 and radix 4 based systams had substantial compression values in the random sequential
sirings categores. As random sequéntial strings have tha most applicable nature to practical modes of
information transmission and storage, these findings have both thearetical and applied sspects 1o
communication theary in all of it's manifesiations,
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“A Radix 4 Based System for Information Theory” a poster presented at the
SPIE Symposium on Optical Engineering and Applications held August 10-
14, 2008 in San Diego, California U.S.A. Presented Wednesday August 13,
2008 from 05:30pm to 07:00pm.
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A Radix 4 Based System for Information Theory

By Bradley 5. Tice
Advanced Human Design, P.O. Box 3868, Turlock, California 95381 U.5.A.

Abstract

The paper will imtroduce the quaternary, or radix 4, based system for use a5 a2 fmdamental standard bevond the
trasditional binary, or radix 2, based svstem in use today, A greater level of compression is noted in the radix 4 based
system when compared to the radix 2 base as applied to a model of information theory.

Keywords; Radix 4, Quaternary, Information Theory, Communication Theory

L. Introduction

A quaternary, or radix 4 based, system is defined as four separate chamcters, or symbaols, that heve ne semantic
meaning apart from not representing the other characters, This is the same notion Shannon gave to the binary based
system wpon it's publication in 1948 [1]. This paper will present research that shows the radix 4 based zysiem 10
have a compression value greater than the traditional redix 2 based system in use today [2].

1. Random ness

The earliest definition for randomness in a string of 17s and 075 was defined by von Mises, but it was Martin-Lof's
paper of 1966 that gave a measure to randomness by the potterwiessress of o sequence of 1's and 0°s in a string that
could be used to define a random binary sequence in a string [3 and 4], This is the classical measure Tor
Kolmogorov complexity, also known as Algorithmic Information Theory, of the randomness of a sequence found in
a binary string,

1. Compression Program

The compression program o be used has been termed the Modiffed Svmbolic Space Multiplier Program a5 it simply
notes the first characier in a line of characters in a binary sequence of a siring and subgroups them into common or
like growps of similar characters, all 1's groaped with 1°s and all 0%z grouped with 0's, in that string and is assigned a
single character notation thisl represents the number found in that sub-group, so that it can be reduced, compressed,
and decompressed, expanded, back to it"s original length and form [5]. An underlined 1 or 0 is wsually used to note
the notation symbol for the placement and character tvpe in previows applications of this program. An underlined
space following the character to be compressed will be used for this paper.

IV, Application of Theory

The application of a quaternary, or radix 4 based, system to existing communication systems sas many advantages.
The firse is the greater amown of compression from this base, as opposed to the standard binary based system in use
today, and secondly, &s a more wiilizable system because of the four charscter, or symbol, based system that provides
for more variety to develop information applications, From felecommunications to computing, the ternary based
system applied at a fundamental standard would allow for a more robust communications system than is currently
used foday,



Radlx 2 Base
Radlx 2 Basad System

Group A
Binary Non-random Sequeence
[111000111000111]

Group B
Binary Random Sequance
[111001100011111)

I Group A and Group B are compressad using the first character type and the following similar characler types
in a seguential order that follows that first character type, a numerical valwe to the nember of character types
can ba assigned from that similar sequence of characters that can be represented by & multiple of that
numbes represented in that growp. An ezampie will be that [111] equals the character type 1 multiplied by
thres to egual [111]. Wotics that the charmcter type i5 not & numerical ong and does el kave & semantic
value beyand being different than the othear character type 0]

Using & Key Code as a index af which character is to be multiplied, and by what amount, a compressad
version al the aiginal leagth of chamcters resulls,

ey Code A (Groug A)

1=x3
0=x3

Groap &
Binary Non-rapdom Sequence
[10idi]

Resulting In Group A having a campression ane thind the sdginal charscter length of 15 characters.

Group B
Binary Random Sequence
[1_00110_11111]

Resulting in Growp B having a compression two thirds the original character length of 15 characters.



The following is an example of compression of & random and non-random radix 2 based system.
A non-random sequential string of characters will have a total length of 15 characters as seen in
Group A,

Group A= 111000111000111

A rendom sequential string of characters will have a total length of 15 characters as seen in Group
B.

Civoup B: (LR ALY

If & compression program were to be used on Group A and Group B that consisted off underlining
the first individual character of a similar group of sequential charscters, moving towards the right.
on the string and multiplying it by a formalized system of arithmetic a5 found in a key, see ey
Code | and Key Code 2, with the compression of Growp A and group B as a final result.

Koy Code 1 (For Group A}

1=x3
= xi

Giroup A 101
Resulting in o compressed stafe of 5 characters for Group A,
Key Code 2 (For Group B)

1= x5
(= xd

Group B (RLILUNN
Resulting in o compressed state of 8 characters for Group B.
Compression values of the non-random binary sequential string are one third the original 15

character length and the mandom binary sequential string are almost half of the original random 15
character kength,



Radix 4 Base

Radix 4 Based System ;
If a quatemary, or radix 4 based system, was used to represent both random and pon-random sequential
sirings, the following character symbols can be used; [1]. (0. [T, and [11

Growp A
A Mon-randam guatemany Sequence.
(11 1000Q0RIH1 1 100000001

Total character length of 24 characlers.

Group D
A Randon gqualemany Sequence.
(1120000000 N1 11 1000

Total character length of 24 characters.

The use of a Key Code 1o compress the original character length by use of multiplication.

Ky Code A (Group A)

1=x3
0=x3
(=23
I=x3

Group A Mon-rendoem quatamary seiuences
(10001

Total compressbon far Group A s a length of B characters from the onginal 24 charactar kengih, This one thind
thie original charactar lengh,

Key Coda [ {Group D)

1=x
0=z
Q=x

I=x

Group O Random Quatermany Sequence
[1110_Q_|_1_0004i_]

Total compression far Group [ is a langth of 12 characters from the origlnal 24 character length. This is one
half the original charactar length,

|



Comparison of a Radix 2 and Radiz 4 Based Systems

The results of using a compression engine to compress both random and mon-random sequential strings of
radix 2 and radic 4 besed strings resulted in the following:

RadixBase Random Mon-random
Radix 2 15 character length total 11 g
Racdix 4 24 character length tatal 12 8

Thie radlx 4 based systems had substantial compression valuses in the random saquantial stings categones,
= randiom sequentiol stings have the most applicable nature to practical modes of information transmission
and storage, thase findings have both theoretical and applied aspects to communication theary in all of itT's
mianifestations,



Economic |ssues

With the advent of the superior compression of @ quatemary based system ower that of the traditional binary
gystem In information theory, the real need for a practical application tn the fundamental stecture of
nformation’ must be re-considersd for the 21 centisry, With information technology being the ‘major driver
of economic growth in the past decade the nead to sustain and increase economic growth becomas an

imperative,

With @ growing interest in ‘rebuilding' the internet, the fundamental question arises ‘why be tied to an archaic
binary based system when a quaternary based system is mone robust, is more utilizable, and have far greater
capacity for compression?. The answer to this question lles with the political aspect of the Innavation
process. if such a system is to be built using a quatemary based system over the out-dated binary based
system then the govemment must be nformed of the value of such systems over the existing systam of
infoermation basad infrastracturnes,



SUMMARY

This paper has shown that a radix 4 based system has profound properties of compression that are
well beyond these found in binary systems using sequential strings of a random and non-random
types. These compression values have strong potential applications to infiormation theory and
communication theory as a whole,

When comparing the radix 2 and the radix 4 based systems the greater compression factor of the
radix 4 based sysiem has strong applications to signal transmission and storage issues.

It has been shown that a radix 4 based system has a compression factor that makes it an ideal
functional standard for future information systems, particularly in the fields of telecommunications
andd computer science,



References

1. C.E. Shannon. *A mathematical theory of communication”, Belf Sps. Tech. Jour, 27, 379-423 &
623-656 (1948).

2, B.5. Tice, “A radix 4 based system for communications theory”, Technical Paper, Advanced
Human Design, December 2006, Yolume 1, Mumber 2, 1-3.

3. M. Li and P.M.H. Vitanyl An Infrodietion fo Kolmogoroy Complexiy and its Apofications.
Springer, Mew Yark, 1993 /1997,

4. P. Martin-Lof. “The definition of random sequences®, Imformation and Controf 9, 602-619
(1966),

5. Tice, Ibide.



About the Author

214



About the Author

Mr. Tice is the Director and CEQ of Advanced Human Design that is located
in Cupertino, California US.A. His research interests are in
telecommunications, data compression, and linguistics. Mr. Tice is a
member of the Association for Computing Machinery, ACM, the LE.E.E.
and SPIE.

215



Bradley S. Tice

216



Post Script

217



At Centuries End

My ‘year of miracles’ regarding my intellectual performance was from 1998
through 1999.* It was 1998 that I was awarded a Doctor of Letters for my
work on a system of collecting, evaluating and retraining of segmental sound
features, phonemes, in human speech patterns, culminating the years 1992-
1996 in producing, and copyrighting, the largest contrastive analysis work on
segmental phonemic systems, ultimately leading to 28 languages being
developed for ESL, English as a Second Language (Tice, 2007).

This interest in languages, both human and formal; machine languages,
produced my ‘magnum opus’ Physical Laws as Formal Constraints to Formal
Languages, an unpublished manuscript written from 1998 through 1999 that
presented my ideas in the area of human and machine languages (Tice, 2000).
From this work came a section addressing how a change in the use of
language in Gidel's Theorem would result in a change in the resulting thesis
that would change the very nature of Gidel’s Theorem (Tice, 2008). This
work is on par with work that was awarded such distinctions as the Field's
Medal, the Wolf Prize, and the Abel Prize for mathematics (Wikipeda
citations).

Also presented in my unpublished manuscript was a section that was the
starting point to this dissertation in physies, the sub-maximal measure of
Kolmogorov Complexity, that formed a new standard to the important
question of what is randomness in a sequential binary bit string. This has the
level of importance one sees in the highest awards known to science, the Nobel
Prize in Physics (Nobel Prize. Org, 2008).

This was a remarkably productive time period for me and the resulting years
has seen the development and presenting of my ideas in more formal ways to
the academic community.

*Note: Isaac Newton considered the years 1664-1666 has his “Anni
mirabilis*, Latin for ‘years of miracles’ that produced the foundations of his
mathematics and natural philosophy (Westfall, 1980: 140).

Richard S. Westfall (1980) Never at Rest: A Biography of Isaac Newton.
Cambridge: Cambridge University Press.
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