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viii Preface

During its history of more than 40 years, AIT knew a significant vari-
ation in terminology. In particular, the main measures of complexity
studied in AIT were called Solomonoff-Kolmogorov-Chaitin complexity,
Kolmogorov-Chaitin complexity, Kolmogorov complexity, Chaitin complex-
ity, algorithmic complexity, program-size complexity, etc. Solovay’s hand-
written notes [22]E[, introduced and used the terms Chaitin complexity and
Chaitin machineﬁ The book [21] promoted the name Kolmogorov com-
plexity for both AIT and its main complexityEI

The main contribution shared by AIT founding fathers in the mid 1960s
was the new type of complexity—which is invariant up to an additive
constant—and, with it, a new way to reason about computation. Found-
ing fathers’ subsequent contributions varied considerably. Solomonoff’s
main interest and results are related to inductive inference, see [19]. Kol-
mogorov’s main contributions to AIT were mainly indirec@through the
works of his students, P. Martin-Lof, L. Levin, V. UspenskijE] Chaitin’s
contributions—spanning over four decades—on plain and program-size
complexity, algorithmic randomness (finite and infinite sequences), appli-
cations to Godel incompleteness, and concrete versions of AIT (hands-on
programming), are central for the field. One can appreciate their lasting
impact by inspecting the forthcoming monograph [17] which also includes
the boom of results obtained in the last decade (due in part to the renais-
sance of Recursion Theory focussed on AIT).

While Chaitin’s main contributions are in AIT, he was engaged in other
research projects as well.

His first paper [5]—published when he was 18—was in automata the-
ory. It significantly improves a theorem by Moore, which later became very
important for modelling quantum phenomena with automata, see [24]. In
fact, Chaitin was interested in the relation between computation and quan-
tum physics since the early 1960s; he even wrote an APL2 course outline for

3During the research for my book [1] T was advised by Greg Chaitin to carefully read [22].
The problem was that the manuscript appeared to have vanished, certainly Chaitin and
Solovay didn’t have copies. Eventually, C. Bennett kindly sent me a copy in early 1993
and I circulated it in the community. It had the lasting effect predicted by Chaitin; see
for example [17].

4Solovay continued to use this terminology in his later paper [23]. T used this terminology
in [1].

5See more about the early history of AIT in [25].

6 As Shen explained in Dagsthul, by the mid 1960s Kolmogorov’s interests had more and
more focused on school mathematics education.

7See [20] for a complete list of publications.
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Preface ix

physics, [8]E| His paper [6] initially included a direct reference to Nature’s
impact on how a Turing machine operates, but that part was removed at
the referee’s request. Here is how he put it recently in [3]:

If Nature really lets us toss a coin, then, with extremely
high probability, you can actually compute algorithmically ir-
reducible strings of bits, but there’s no way to do that in a
deterministic world.

Chaitin has been employed by IBM for 40 yearsﬂ In the late 1970s and
early 1980s he was part of the group designing the RISC architecture. One
of his main contributionsm the Chaitin style graph colouring algorithm
for optimal global register allocation, featured as a key innovation in the
IBM 801 computer; a very influential paper [7, 9] describes this algorithm.
Chaitin’s intense interest in hands-on programming is also visible in his
pioneering work on concrete AIT.

Chaitin has a long-time interest in philosophy, in general, and in the

philosophy of mathematics, in particular. For Chaitin [11] (p. wiii), pro-
gramming is a reliable way to achieve mathematical understanding:

To me, you understand something only if you can program it.
(You, not someone elsel!)

Why? Because [19] (p. 30):

... programming something forces you to understand it better,
it forces you to really understand it, since you are explaining it
to a machine.

He supports the view that mathematics is quasi—empiricaﬂ and ex-
perimental mathematics should be used more freely. In recent years his
attention was captured by Leibniz, the man and the philosopher, whom he
sees as precursor of the idea of descriptional complexity:

Mais quand une regle est fort composée, ce qui luy est conforme,
passe pour irrégulierE

One may be led to think that philosophical interests and a focus on big
ideas signal a lack of steam for technical mathematical problems. This is

8He is currently a member of the Physical Sciences Department at the IBM Thomas J.
Watson Research Center in Yorktown Heights, New York.

9 An all-day celebration will be organised by the IBM Research Division on 15 November.
10See also [10].

I Chaitin’s position is close to digital philosophy (E. Fredkin, S. Wolfram, and K. Zuse).
12But when a rule is extremely complex, that which conforms to it passes for irregular
(random).
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X Preface

not the case as his most recent papers show [13, 14HE|

My first contact with Chaitin’s work was through Martin Davis’ paper
[16], which gives a beautiful presentation of one of Chaitin’s information-
theoretic forms of incompleteness@ In the late 1970’s, I started a weekly
research seminar on AIT at the University of Bucharest which lasted till
my departure in 1992. In this seminar, we read many of Chaitin’s papers
and we presented some of our own; he was our main source of inspiration. I
first met Greg in January 1993—he was my first visitor in Auckland, where
my family relocated in December 1992. Since then, I have been very privi-
leged to continue meeting him regularly, to understand some of his results
not from papers, not from books, but from stimulating discussions, and to
cooperate on different projects (including a joint paper published in Na-
ture, [2], which inspired a poem [15]).

Chaitin is an unconventional person as well as an unconventional thinker
and scientist. Radically new ideas are not easily accepted and more often
than not generate strong opposition and resentment. One of the best “por-
traits” of “Chaitin in action” was painted by John Horgan in [18]:

Stout, bald, and boyish, he wore neobeatnik attire: baggy white
pants with an elastic waistband, black T-shirt adorned with a
Matisse sketch, sandals over socks. He was younger than I ex-
pected; I learned later that his first paper had been published
when he was only 18, in 1965. His hyperactivity made him seem
younger still. His speech was invariably either accelerating, as
he became carried away by his words, or decelerating, perhaps
as he realized he was approaching the limits of human compre-
hension and ought to slow down. Plots of velocity and volume
of his speech would form overlapping sine waves. Struggling to
articulate an idea, he squeezed his eyes shut, and, with an ago-
nized grimace, tipped his head forward, as if trying to dislodge
the words from his sticky brain.

It would be a fatal mistake to measure the huge impact of Chaitin’s
oeuvre with a classical yardstick. We cannot understand the information
compressed in a Chaitin Omega numbeIE, one of his major discoveries, we

13Chaitin’s recent paper [14] was inspired by Davis’ paper [16], perhaps not a random
coincidence.

14This paper is reproduced in this book.

15In an article included in this book, J.-P. Delahaye observes that “the symbol £ had
been used in mathematics for a variety of purposes. But increasingly it was reserved for
Chaitin’s number, just as 7 came exclusively to represent Archimedes’ constant at the
beginning of the 18th century.”
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Preface xi

can get a mer@ glimpse of it. How could we hope to understand Chaitin?

The contributions included in this book have been grouped into the fol-
lowing categories: technical contributions (AIT and related areas, Physics,
Algebra, Automata Theory, Computer Architecture), papers on Philosophy,
essays, and reminiscences. The book also includes Chaitin’s own recollec-
tions on AIT, and pictures from the Chaitin celebration at the New Kind
of Science Conference (Burlington, 15 July 2007).

I am grateful to Prof. Kok Khoo Phua, Chairman of World Scientific,
for supporting this project and to Kim Tan from World Scientific for being
such an efficient editor. I wish to thank Springer and the science magazine
Pour la Science for allowing me to reprint articles initially published by
them. I also thank Jeff Grote, Sally McCay, Jacquie Meyer, David Reiss,
and Karl Svozil for permission to reproduce their pictures. A big thank
you goes to all contributors to this volume as well as to Wolfram Research,
University of Vienna, the Godel Society and IBM Research for organising
meetings in which the book was or will be presented.

Finally, to the Omega Man, to use the Time magazine formula, from all
of us, a Very Happy Birthday!

Cristian S. Calude
Auckland, July 2007
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dagstuhl/#history. Speakers: C. S. Calude, G. Hotz, C. P. Schnorr,
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