
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FIGURE 1 52. Last page of Six·pan Ricercar, from the original edition of the Musical 
Offering. by 1.5. Bach. 
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unlikely threesome, at first thought. My favorite artist, Mr. T's favorite composer, and-·· 
Crab: My favorite logician! 
Tortoise: A hannonious triad, I'd say. 
Babbage: A major triad, I'd say. 
Turing: A minor triad, I'd say. 
Author: I guess it all depends on how you look at it. But major or minor. I'd be most 

pleased to tell you how I braid the three together, Achilles. Of course, this project is 
not the kind of thing that one does in just one sitting-it might take a couple of dozen 
sessions. I'd begin by· telling you the story of the Musical Offering, stressing the 
Endlessly Rising Canon, and 

Achilles: Oh, wonderful! I was listening with fascination to you and Mr. Crab talk about 
the Musical Offering and its story. From the way you two talk about it, I get the 
impression that the .Musical Offering contains a host of formal structural tricks. 

Author: After describing the Endlessly Rising Canon, I'd go on to describe fonnal 
systems and recursion, getting in some comments about figures and grounds, too. 
Then we'd come to self-reference and self-replication, and wind up with a discussion 
of hierarchical systems and the Crab's Theme. 

Achilles: That sounds most promising. Can we begin tonight? 
Author: Why not? 
Babbage: But before we begin, wouldn't it be nice if the six of us-all of us by chance avid 

amateur musicians-sat down together and accomplished the original purpose of the 
evening: to make music? 

Turing: Now we are exactly the right number to play the Six-Part Ricercar from the 
Musical Offering. What do you say to that? 

Crab: I could get along very well with such a program. 
Author: Well put, Mr. C. And as soon as we're finished, I'll begin my Braid, Achilles. I 

think you'll enjoy it. 
Achilles: Wonderful! It sounds as if there are many levels to it, but I'm finally getting 

used to that kind of thing, having known Mr. T for so long. There's just one request I 
would like to make: could we also play the Endlessly Rising Canon? It's my favorite 
canon. 

Tortoise: Reentering Introduction Creates Endlessly Rising Canon, After RICERCAR. 

Six-Part Ricercar 742 



Notes 

Introduction:  A Musico-Logical Offering 

1 H T David and A. Mendel, The Bach Reader, 

pp. 305-6.  

2 Ibid . ,  p .  1 79 

3 Ibid . ,  p. 260 

4 Charles Babbage. Passages from the Life of 

Philosopher, pp . 1 45-6.  

5 Lady A.  A .  Lovelace, Notes upon the 

Memoir "Sketch of the Analytical Engine 

Indented by Charles B abbage" , by 1 . .  F. 

Menabrea (Geneva, 1 842), reprinted in P. 

and E. Morrison, Charles Babbage and His 

Calculating Engines, pp . 248-9,  284. 

6 David and Mendel, pp . 255-6 . . . 

7 Ibid . .  p. 40. 

Two-Part Intention 

1 Lewis Carroll, "What the Tortoise Said to Achilles" ,  .Wind, ns . ,  4 ( 1 895) ,  pp . 278-80.  

Chapter IV : Consistency, Completeness, and Geometry 

1 Herbert Meschkovcski. Non-Euclidean 

Geometry. pp . 3 1 -2 

2 Ibid . ,  p .  3 3 .  

Chapter VI : The Location o f  Meaning 

1 George Steiner. After Babel, pp . 1 72-3 . .2 Leonard B .  Meter. Music, The Arts, and Ideas, 

pp. 87-8 

Chapter VII: The Propositional Calculus 

1 Gyomay M. Kubose, Zen Koans, p. 1 7 8  

2 Ibid . ,  p .  1 7 8 .  

3 A.  R. Anderson and N.  D .  Belnap, J r  . .  

Entailment (Princeton, N.J . :  Princeton University 

Press.  1 975) .  

A Mu Offering 

1 All genuine koans in this Dialogue are taken from Paul Reps, Zen Flesh, Zen Bones, Gvomas M. Kubose, 

Zen Koans 

Chapter IX : Mumon and Godel 

1 Paul Reps, Zen Flesh, Zen Bones, pp . 1 1 0- 1 1  

2 Ibid . ,  p .  1 1 9 .  

3 Ibid . ,  pp . 1 1 1 - 1 2 . 

4 Zen Buddhism (Mount Vernon, N.Y . :  Peter 

Pauper Press, 1 959) .  p. 22 

5 Reps,  p. 1 24 .  

6 'Zen Buddhism, p .  3 8 .  

7 Reps,  p .  1 2 1 .  

8 Gyomay M.  Kubose Zen Koans p .  3 5 .  

9 Zen Buddhism, p .  3 1 .  

1 0  Kubose, p .  1 1 0  

1 1  Ibid . ,  p .  1 20 .  

1 2  Ibid . ,  p .  1 80 .  

1 3  Reps,  pp . 89-90. 

Chapter XI: Brains and Thoughts 

1 Carl Sagan, ed. Communication with 

Extraterrestrial Intelligence, p. 78 .  

2 Steven Rose, The Conscious Brain 

Notes 

, pp 25 1 -2 .  

3 E. o .  Wilson, The Insect Societies, p .  226. 

4 Dean Wooldridge, :Mechanical Man, p .  70.  

743 



English French German Suite 

1 Lewis Carroll. The Annotated Alice (Alice 's 

Adventures in Wonderland and Through the 

Looking- Glass) . Introduction and Notes by Martin 

Gardner (New fork: Meridian Press, New American 

Library, 1960) . This source contains all three 

versions . The original sources for the French and 

German texts are given below. 

2 Frank L.  Warrin, The Yew Yorker, Jan. 10 ,  1 9 3 1 .  

3 Robert Scott, "The Jabberwock Traced to Its True 

Source" ,  Macmillan 's Magazine,  Feb . 1 872 

Chapter XII : Minds and Thoughts 

1 Warren Weaver, "Translation in Machine 2 C. H. MacGillavrv . Symmetry Aspects of the 

Periodic Drawings of M C. Escher, p. viii, Translation of Languages, Wm. N. Locke and A. 

Donald Booth. eds. (News fork: John Wiles and 

Sons, and Cambridge, Mass , :  SLI. F .  Press, 1 955) ,  

p . 1 8 .  

3 J .  R .  Lucas, "Minds, Machines,  and GOdel" ,  in A .  

R .  Anderson, ed. ,  Minds and Machines ,  pp . 57-9 . 

Chapter XIII : BlooP and FlooP and GlooP 

1 J . M. Jauch, Are Quanta Real? ,  pp . 63-65 . 

Chapter XIV : On Formally Undecidable Propositions 

of TNT and Related Systems 

1 The title of Godel ' s  193 1 article included a Roman the difficult arguments . However, the first paper was 

numeral "I"  at the end, signifying that he intended to so widely acclaimed that a second one seas rendered 

follow it up with a more detailed defense of some of superfluous, and it was never written 

Chapter XV: Jumping out of the System 

1 Lucas in Anderson, p. 43 . 

2 Ibid . ,  p. 48 .  

4 M.  C .  Escher, The Graphic Wash of M. C Escher 

(New York: Meredith Press.  1967),  p. 2 1 .  

3 Ibid . ,  pp . 48-9 . 5 Ibid . ,  p. 22. 

6 E. Goffinan. Frame Analysis, p.  475 . 

Edifying Thoughts of a Tobacco Smoker 

This translation of Bach's poem is taken from Day id and Mendel, The Bach Reader, pp. 97-8 .  

Chapter XVII: Church, Turing, Tarski, and Others 

1 Stanislaw Ulam, Adventures of a Mathematician, 

p . 1 3 .  

2 James R .  Newman, "Srinivasa Ramanujan° , in 

James R. Newman, ed. ,  The World of Mathematics 

(New York: Simon and Schuster, 1 956),  Vol. 1 ,  pp . 

372-3 .  

3 Ibid . ,  p .  375 .  

4 S .  R. Ranganathan, Ramanujon,  pp . 8 1 -2.  

5 Newman, p .  375.  

6 Ibid . ,  p .  375.  

7 Ibid . ,  p .  375-6.  

8 Ibid . ,  p .  376.  

9 Lucas in Anderson, p .  44. 

10 Ibid . ,  p .  54. 

1 1  Ibid . ,  p .  5 3 .  

SHRDLU, Toy of Alan 's Designing 

1 This Dialogue is adapted front 'terry Winograd, "A Thought and Language,  pp . 1 55-66. Only the names 

Procedural Model of Language Understanding" ,  in of two characters have been modified. 

R. Schank and K.Colby, eds . ,  Computer Models of 

Notes 744 



Chapter XVIII: Artificial Intelligence : Retrospects 

1 Alan M. Turing, "Computing Machinery and 

Intelligence" ,  Mind, Vol. LIX, No . 236 

and J .  W. Beauchamp, eds . ,  Music by Computers, p .  

96 .  

13  Ibid . ,  p .  106 .  ( 1 950) .  Reprinted in A.  R. Anderson, ed. ,  Minds and 

Machines . 

2 Turing in Anderson, p. 5 .  3 Ibid, p. 6 

4 Ibid . ,  p. 6 .  

1 4  Carl Sagan, Communication with Extraterrestrial 

Intelligence, p. 52 .  

5 Ibid . ,  P .  6 .  

6 Ibid . ,  pp . 1 3 -4 .  

7 Ibid . ,  pp, 14-24. 

8 Ibid . ,  p .  1 7  

9 Vinton Cerf, "Parry Encounters the Doctor" ,  p .  6 3 .  

1 0  Joseph Weizenhaum, Computer Power and 

Human Reason, p. 1 89 .  

1 1  Ibid . ,  pp . 9 - 1 0  

1 2  M.  Mathews and L.  Rosier, "A Graphical 

Language for Computer Sounds" in H. vn Foerster 

1 5  Art-Language,  Vol. 3 .  No . 2,  May 1 975 .  

1 6  Terry Winograd, "A Procedural Model of 

Language Understanding" ,  in R. Schank and K. 

Colbc, eds .. Computer Models of Thought and 

Language,  p. 1 70.  

17 '  Ibid . ,  p .  1 7 5 .  

1 8  Ibid . .  - p .  1 7 5 .  

1 9  Terry Winograd, Understanding Natural 

Language,  p. 69 . 

20 Winograd, "A Procedural Model " ,  pp . 1 82-3 . 

2 1  Ibid . ,  pp . 1 7 1 -2 .  

Chapter XIX : Artificial Intelligence : Prospects 

1 The New Yorker, Sept. 1 9 ,  1977,  p. 1 07 .  

2 Ibid . ,  p .  1 40 .  

3 George Steiner, After BabiC pp . 2 1 5-227 . 

4 David E. Rumelhart, "Notes on a Schema for Stories" ,  in D. Bobrow and A. Collins,  eds . ,  Representation 

and Understanding, p. 2 1 1 .  

5 Stanislaw Ulam, Adventures of a Mathematician, p .  1 83 .  

6 Marvin Minsky, "Steps Toward Artificial Intelligence" ,  in E.  Feigenbaum and J .  Feldman, eds . ,  

Computers and Thought, p .  447 . 

7 Ibid . ,  p. 446 . 

Chapter XX: Strange Loops, Or Tangled Hierarchies 

1 A. L. Samuel, "Some Moral and Technical Consequences of Automation-A Refutation" ,  Science 1 32 

(Sept. 1 6 ,  1 960), pp . 74 1 -2. 

2 Leonard B. Meyer, Music, The Arts, and Ideas, pp . 1 6 1 ,  1 67 .  

3 Suzi Gablik, Magritte, p .  9 7 .  

4 Roger Sperry, "Mind, Brain, and Humanist Values" ,  pp. 78-83 . 

5 H T. David, 1. S. Bach 's Musical Offering, p. 43 .  

Notes 744 



Bibliography 

The presence of two asterisks indicates that the hook or article was a prime 
motivator of my book. The presence of a single asterisk means that 
the book or article has some special feature or quirk which I want to single out. 

I have not given many direct pointers into technical literature; instead I have 
chosen to give "meta-pointers " :  pointers to books which have pointers to technical 
literature . 

Allen, John. The Anatomy of LISP. New York: McGraw-Hill, 1 978 .  The most 
comprehensive book on LISP, the computer language which has dominated Artificial 
Intelligence research for two decades. Clear and crisp. 

Anderson, Alan Ross,  ed. Minds and Machines .  Englewood Cliffs , N. J. : Prentice Hall, 
1 964. Paperback. A collection of provocative articles for and against Artificial 
Intelligence. Included are Turing's famous article "Computing Machines and 
Intelligence" and Lucas' exasperating article "Minds, Machines ,  and Godel" . 

Babbage, Charles .  Passages from the Life of a Philosopher. London: Longman, Green, 
1 864. Reprinted in 1968 by Dawsons of Pall Mall (London) . A rambling selection of 
events and musings in the life of this little-understood genius. There's even a play 
starring Turnstile, a retired philosopher turned politician, whose favorite musical 
instrument is the barrel-organ. I find it quite jolly reading. 

Baker, Adolph. Modern Physics and Anti-physics .  Reading, Mass . :  Addison-Wesley, 
1970. Paperback. A book on modern physics-especially quantum mechanics and 
relativity-whose unusual feature is a set of dialogues between a "Poet" (an antiscience 
"freak") and a "Physicist" . These dialogues illustrate the strange problems which arise 
when one person uses logical thinking in defense of itself while another turns logic 
against itself. 

Ball, W. W. Rouse. "Calculating Prodigies " ,  in James R. Newman, ed. The World of 
Mathematics, Vol. 1 .  New York: Simon and Schuster, 1 956. Intriguing descriptions of 
several different people with amazing abilities that rival computing machines .  

Barker, Stephen F. Philosophy of Mathematics.  Englewood Cliffs , N. J. : Prentice-Hall. 
1 969. A short paperback which discusses Euclidean and non-Euclidean geometry, and 
then Godel's Theorem and related results without any mathematical forms lism. 

* Beckmann, Petro A History of Pi. New York: St. Martin's  Press, 1 976. Paperback. 
Actually, a history of the world, with pi as its focus .  Most entertaining, as well as a 
useful reference on the history of mathematics.  

* Bell, Eric Temple. Men of Mathematics.  New York: Simon & Schuster, 1 965 . 
Paperback. Perhaps the most romantic writer of all time on the history of mathematics .  
He makes every life story read like a short novel. N onmathematicians can come away 
with a true sense of the power, beauty, and meaning of mathematics .  

Benacerraf, Paul. "God, the Devil, and Godel" . Monist 51 ( 1 967) : 9 .  One of the most 
important of the many attempts at refutation of Lucas . All about mechanism and 
metaphysics, in the light of Godel's work. 

Benacerraf, Paul, and Hilary Putnam. Philosophy of Mathematics-Selected Readings .  
Englewood Cliffs , N. J. : Prentice-Hall, 1 964. Articles by Godel, Russell, Nagel, von 

Bibliography 746 



Neumann, Brouwer, Frege, Hilbert, Poincare, Wittgenstein, Carnap, Quine, and others 
on the reality of numbers and sets, the nature of mathematical truth, and so on. 

* Bergerson, Howard. Palindromes and Anagrams . New York: Dover Publications, 1 973 .  
Paperback. An incredible collection of  some of  the most bizarre and unbelievable 
wordplay in English. Palindromic poems, plays, stories ,  and so on. 

Bobrow, D. G., and Allan Collins, eds . Representation and Understanding : Studies in 
Cognitive Science. New York: Academic Press, 1 975 .  Various experts on Artificial 
Intelligence thrash about, debating the nature of the elusive "frames" ,  the question of 
procedural vs.  declarative representation of knowledge, and so on. In a way, this book 
marks the start of a new era of Al: the era of representation. 

* Boden, Margaret. Artificial Intelligence and Natural Man. New York: Basic Books, 
1977.  The best hook I have ever seen on nearly all aspects of Artificial Intelligence, 
including technical questions, philosophical questions, etc. It is a rich book, and in niv 
opinion, a classic . Continues the British tradition of clear thinking and expression on 
matters of mind, free will, etc . Also contains an extensive technical bibliography . 

. Purposive Explanation in Psychology. Cambridge, Mass . : Harvard University Press, 
1 972. The book to which her Al book is merely- "an extended footnote" ,  says Boden. 

* Boeke, Kees.  Cosmic View: The Universe in 40 Jumps. New York: John Day, 1957 .  
The ultimate book on levels of description. Everyone should see this book at some 
point in their life. Suitable for children. 

* *  Bongard, M. Pattern Recognition. Rochelle Park, N. J. : Hay den Book Co. ,  Spartan 
Books, 1 970. The author is concerned with problems of determining categories in an 
ill-defined space. In his book, he sets forth a magnificent collection of 100 "Bongard 
problems" (as I call them)-puzzles for a pattern recognizer (human or machine) to test 
its wits on. They are invaluably stimulating for anyone whoo is interested in the nature 
of intelligence. 

Boolos, George S . ,  and Richard Jeffrey. Computability and Logic. New York: Cambridge 
University Press.  1 974. A sequel to Jeffrey's Formal Logic . It contains a wide number 
of results not easily obtainable elsewhere. Quite rigorous,  but this does not impair its 
readability. 

Carroll, John B . ,  Peter Davies ,  and Barry Rickman. The American Heritage Word 
Frequency Book. Boston: Houghton Mifflin, and New York: American Heritage 
Publishing Co. ,  1 97 1 .  A table of words in order of frequency in modem written 
American English. Perusing it reseals fascinating things about out- thought processes. 

Cerf, Vinton. "Parry Encounters the Doctor" . Datamation, July 1973 ,  pp. 62-64. The first 
meeting of artificial "minds " -what a shock ! 

Chadwick, John. The Decipherment of Linear B .  New York: Cambridge University 
Press, 1 958 .  Paperback. A book about a classic decipherment-that of a script from the 
island of Crete-done by a single man: Michael Ventris .  

Chaitin, Gregory J. "Randomness and Mathematical Proof" .  Scientific American, May 
1975 .  An article about an algorithmic definition of randomness,  and its intimate relation 
to simplicity. These two concepts are tied in with Godel's Theorem, which assumes a 
new meaning. An important article. 

Cohen, Paul C .  Set Theory and the Continuum Hypothesis. Menlo Park, Calif. : W. A. 
Benjamin, 1966. Paperback. A great contribution to modem mathematics-the 
demonstration that various statements are undecidable within the usual formalisms for 

Bibliography 747 



set theory-is here explained to nonspecialists by its discoverer. The necessary 
prerequisites in mathematical logic are quickly, concisely, and quite clearly presented. 

Cooke, Deryck. The Language of Music. New York: Oxford University Press, 1 959.  
Paperback. The only book that I know which tries to draw an explicit connection 
between elements of music and elements of human emotion. A valuable start down 
what is sure to be a long hard road to understanding music and the human mind. 

* David, Hans Theodore.J. S .  Bach's Musical Offering. New York: Dover Publications, 
1 972. Paperback. Subtitled "History, Interpretation, and Analysis " .  A wealth of 
information about this tour de force by Bach. Attractively written. 

* *  David, Hans Theodore, and Arthur Mendel. The Bach Reader. New York: W. W. 
Norton, 1966. Paperback. An excellent annotated collection of original source material 
on Bach's  life, containing pictures ,  reproductions of manuscript pages ,  many short 
quotes from contemporaries, anecdotes ,  etc . ,  etc . 

Davis ,  Martin. The Undecidable . Hewlett, N. Y. : Raven Press, 1 965 . An anthology of 
some of the most important papers in metamathematics from 193 1 onwards (thus quite 
complementary to van Heijenoort's anthology) . Included are a translation of Godel's 
1 93 1 paper, lecture notes from a course which Godel once gave on his results, and then 
papers by Church, Kleene, Rosser, Post, and Turing. 

Davis ,  Martin, and Reuben Hersh. "Hilbert's Tenth Problem" .  Scientific American, 
November 1973 ,  p. 84. How a famous problem in number theory was finally shown to 
be unsolvable, by a twenty-two-year old Russian. 

* *  DeLong, Howard. A Profile of Mathematical Logic . Reading, Mass . :  Addison
Wesley, 1970. An extremely carefully written book about mathematical logic, with an 
exposition of Godel's Theorem and discussions of many philosophical questions . One 
of its strong features is its outstanding, fully annotated bibliography. A book which 
influenced me greatly. 

Doblhofer, Ernst. Voices in Stone. New York: Macmillan, Collier Books, 1 96 1 .  Paper 
back. A good hook on the decipherment of ancient scripts .  

* Drevfus, Hubert. What Computers Can't Do: A Critique of Artificial Reason. New 
Y ork:Harper & Roc-, 1 972. A collection of many arguments against Artificial 
Intelligence from someone outside of the field. Interesting to try to refute. The Al 
community and Drevfus enjoy a relation of strong mutual antagonism. It is important to 
have people like Dreyfus around, even if you find them very irritating. 

Edwards, Harold M. "Fermat's Last Theorem" .  Scientific American, October 1978,  pp . 
104- 122. A complete discussion of this hardest of all mathematical nuts to crack, from 

its origins to the most modern results. Excellently illustrated. 
* Ernst, Bruno. The Magic Mirror of M. C. Escher. New York: Random House, 1 976. 

Paperback. Escher as a human being, and the origins of his drawings, are discussed 
with devotion by a friend of mans' years . A "must" for any lover of Escher. 

* *  Escher, Maurits c . ,  et al. The World of M. C. Escher. New York: Harry N. Abrams, 
1 972. Paperback. The most extensive collection of reproductions of Escher's works . 

Escher comes about as close as one can to recursion in art, and captures the spirit of 
Godel's Theorem in some of his drawings amazingly well, 

Feigenbaum, Edward, and Julian Feldman, eds . Computers and Thought. New York: 
McGraw-Hill, 1 963 . Although it is a little old now, this book is still an important 
collection of ideas about Artificial Intelligence. Included are articles on Gelernters 

Bibliography 748 



geometry program, Samuel's checkers program, and others on pattern recognition, 
language understanding, philosophy, and so on. 

Finsler, Paul. "Formal Proofs and Undecidability" ,  Reprinted in van Heijenoorcs 
anthology From Frege to Godel (see below) . A forerunner of Godel's paper, in which 
the existence of undecidable mathematical statements is suggested, though not 
rigorously demonstrated. 

Fitzpatrick, P. 1. "To Godel via Babel" - Mind 75 ( 1 966) : 332-350. An innovative 
exposition of Godel's proof which distinguishes between the relevant levels by using 
three different languages : English, French, and Latin' 

* Gablik, Suzi. Magritte. Boston, Mass . :  New York Graphic Society, 1 976. Paperback. 
An excellent book on Magritte and his works by someone who really understands their 
setting in a wide sense; has a good selection of reproductions . 

* Gardner, Martin. Fads and Fallacies.  New York: Dover Publications , 1 952. Paperback. 
Still probably the best of all the anti-occult books . Although probably not intended as a 
book on the philosophy of science, this book contains many lessons therein. Over and 
over, one faces the question, "What is evidence? "  Gardner demonstrates how 
unearthing "the truth" requires art as much as science. 

Gebstadter, Egbert B .  Copper, Silver, Gold: an Indestructible Metallic Alloy. Perth: 
Acidic Books, 1 979. A formidable hodge-podge, turgid and confused-yet remarkably 
similar to the present work. Professor Gebstadter's Shandean digressions include some 
excellent examples of indirect self-reference. Of particular interest is a reference in its 
well-annotated bibliography to an isomorphic, but imaginary, book. 

* *  Godel, Kurt. On Formally Undecidable Propositions. New York: Basic Books, 1 962. 
A translation of Godel's 1 93 1 paper, together with some discussion. 
"Uber Formal Unentscheidbare Satze der Principia Mathematica and Verwandter 
Systeme, I. " Monatshefte fur Mathematik and Physik, 38  ( 1 93 1 ) ,  173- 198 .  Godel's 
1 93 1 paper. 

Golf man, Ering. Frame Analysis . New York: Harper & Row, Colophon Books, 1 974. 
Paperback. A long documentation of the definition of " systems" in human 
communication, and how in art and advertising and feporting and the theatre, the 
borderline between "the system" and "the world" is perceived and exploited and 
violated. 

Goldstein, Ira. and Seymour Papert. "Artificial Intelligence, Language, and the Study of 
Knowledge" .  Cognitive Science 1 (January 19/ 7): 84- 123 .  A survey article concerned 
with the past and future of AI. The authors see three periods so far: "Classic " ,  
"Romantic, . ,  and "Modern" .  

Guod, I .  I .  "Human and Machine Logic " .  British Journal for the Philosophy of  Science In 
( 196/) : 144.  One of the most interesting attempts to refute Lucas, having to do with 
whether the repeated application of the diagonal method is itself a mechanizable 
operation . 

. "Godel's Theorem is a Red Herring" .  British Journal for the Philosophy of Science 19  
( 1 969) : 357 .  In which Good maintains that Lucas' argument has nothing to  do with 
Godel's Theorem, and that Lucas should in fact have entitled his article "Minds, 
Machines ,  and Transfinite Counting" .  The Good-Lucas repartee is fascinating. 

Goodman, Nelson. Fact, Fiction, and Forecast. 3rd ed. Indianapolis : Bobbs-Merrill, 1973 . 
Paperback. A discussion of contrary-to-fact conditionals and inductive logic, including 

Bibliography 749 



Goodman's famous problem-words "bleen" and "grue" .  Bears very much on the 
question of how humans perceive the world, and therefore interesting especially from 
the Al perspective . 

Press, 1 976. A short hook about bees, apes, and other animals, and whether or not they 
are "conscious"-and particularh whether or not it is legitimate to use the word 
"consciousness" in scientific explanations of animal behavior. 

deGroot, Adriaan. Thought and Choice in Chess.  The Hague : Mouton, 1965 . A thorough 
study in cognitive psychology, reporting on experiments that have a classical simplicity 
and elegance. 

Gunderson, Keith. Mentality and Machines .  N ew York: Doubleday, Anchor Books, 1 97 1 .  
Paperback. A very anti-AI person tells why. Sometimes hilarious. 

Hanawalt, Philip c.,  and Robert H. Haynes,  eds . The Chemical Basis of Life. San 
Francisco : W. H. Freeman, 1973 .  Paperback. An excellent collection of reprints from 
the Scientilic American. One of the best ways to get a feeling for what molecular 
biology is about. 

Hardy G. H. and E. M. Wright. An Introduction to the Theory of Numbers , 4th ed. New 
York: Oxford University Press, 1 960. The classic book on number theory. Chock-full 
of information about those mysterious entities . the whole numbers . 

Harmon, Leon. "The Recognition of Faces " .  Scientific American, November 1973 ,  p. 70. 
Explorations concerning how we represent faces in our memories ,  and how much 
information is needed in what form for us to be able to recognize a face. One of the 
most fascinating of pattern recognition problems . 

van Heijenoort, Jean. From Frege to Godel: A Source Book in Mathematical Logic . 
Cambridge, Mass . : Harvard University Press, 1 977.  Paperback. A collection of epoch
making articles on mathematical logic, all leading up to Godel's climactic revelation, 
which is the final paper in the book. 

Henri, Adrian. Total Art: Environments ,  Happenings,  and Performances. New York: 
Praeger, 1 974. Paperback. In which it is shown how meaning has degenerated so far m 
modern art that the absence of meaning becomes profoundly meaningful (whatever that 
means) . 
* Goodstein, R. L. Development of Mathematical Logic . New York: Springer Verlag, 
197 1 .  A concise survey of mathematical logic, including much material not easily 
found elsewhere. An enjoyable book, and useful as a reference. 

Gordon, Cyrus. Forgotten Scripts . New York: Basic Books, 1 968. A short and nicely 
written account of the decipherment of ancient hieroglyphics, cuneiform, and other 
scripts .  

Griffin, Donald. The Question of Animal Awareness .  New York: Rockefeller University 
von Foerster, Heinz and James W. Beauchamp, eds . Music by Computers . New York: 

* *  
John Wiles' ,  1 969. This book contains not only a set of articles about various types of 
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• Hoare, C .  A. R, and D.  C .  S .  Allison. "Incomputability" .  Computing Surveys 4, 
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Cambridge University Press, 1 976. Paperback. A most entertaining book in dialogue 
form, discussing how concepts are formed in mathematics .  Valuable not only to 
mathematicians, but also to people interested in thought processes. 

** Lehninger, Albert. Biochemistry. New York: Worth Publishers , 1 976. A wonderfully 
readable text, considering its technical level. In this book one can find many ways in 
which proteins and genes are tangled together. Well organized, and exciting. 

* *  Lucas, J. R. "Minds, Machines ,  and Godel" . Philosophy 36 ( 1 96 1 ) :  1 12. This article is 
reprinted in Anderson's Minds and Machines ,  and in Sayre and Crosson's The Modeling 
of Mind. A highly controversial and provocative article, it claims to show that the 
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set theory, quantum mechanics, and so on. Curious and thought-provoking, 
occasionally humorous .  

Sanger. F . ,  e t  al. "Nucleotide sequence of bacteriophage 16Xl74 DNA",  Nature 265 
(Feb. 24, 1 977).  An exciting presentation of the first laying-bare ever of the full 
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remarkably " smart" ,  in a limited world. The book shows how language cannot be 
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Typogenetics, 
508, 5 10- 1 1 
analogical thinking : by computer, 603 ; 
underpin 
ning of, 570-7 1 
analogies, 668-74 
Analytical Engine, 25 , 598, 727 anaphase, 
667 
anarchy, 693 
"and" ,  1 77-80, 1 8 1 ,  1 86, 630 Anderson, 
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Birthday Cantatatata (Dialogue) , 468, 475 ,  
688  birthdays, 46 1 -64 
bits, 288-89, 290, 29 1 BLOCK (BlooP) , 
4 10- 1 1 
blocks world, 586-93 , 627-32, 674 
BlooP, 406. 409-30, 440, 44 1 ,  444 ; 
alphabet of, 
4 1 9, 425 ; control structures in. 4 10 ;  
primordial 
steps of, 409, 4 1 2- 1 3 ;  syntax of, 4 10- 1 5  
BlooP programs, 4 10- 1 4  Blue Programs, 
4 1 8-20, 422, 427 
Bluediag [N] , 42-44, 428 
board evaluation: static and dynamic, 604-
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Bodhidharnta, 232, 238,  245 . 252, 625 
Bolvai, Farkas, 92 
Bolyai, Janos, 9 1 -92 Bongard, M. ,  646 
Bongard problems, 646-62, 664. 669, 674 ; 
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versality of, 66 1 -62 
Boole, Geo. ,  20, 404, 600 Boolean 
Buddhism, 577 boomerangs,  75 ,  84, 267 , 
472 bootstrapping, 24, 293-94, 524, 548 
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skeletons bottom-up vs. top-down, 48-49 
bottoming out, 1 33-35 ,  1 5 1 , 259, 30 1 , 650 
boustrophedonic writing, 168-69, 1 76 
boxed systems, 469-70, 543 
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ceilings ,  see loops, bounded: BlooP 
celestial mechanics, 353-54 CELLS 
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tries 

76 1 



centrality, 374-75 centromere, 668 
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super conductivity and, 305 ; trade-offs in, 
326; vision and, 348 
Church, Alonzo, 428, 476, 561  
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Church-Turing Thesis, 428-29, 552, 56 1 -
7 9 ;  Al Version, 578-79, 580, 58 1 ;  Hardy's 
Version 566; Isomorphism Version, 567-
68;  Microscopic Version, 572; Public
Processes Version, 562, 568, 574, 580; 
Reductionist' s Version, 572, 574; Soulist 's 
Version, 574; Standard Version, 561 -62, 
579; Tautological Version, 56 1 ;  The odore 
Roszak Version, 574-75 ;  unprovability of, 
562 
Church's  Theorem, 560--6 1 ,574,579-
8 1 ,609, 697 cigars, 1 99, 201 , 383 , 48 1 , 65 1 
classes vs. instances, 35 1 -55 ,  360-6 1 ;  see 
also prototypes, intensionality and 
extensionality, analogies, conceptual 
skeletons, etc.codes:  art and, 703-4; 
familiar and unfamiliar,82, 158 .  267 ; see 
also decoding, Godel Code, 
Genetic Code, etc. 
"coding" of sentences, 583-84 
codons, 5 19-20, 524, 533 ,  535 ;  see also 
Godel 
codons, duplets 
Colby, K. , 599 columns in brain, 346 
Comenius, Johann Amos, 625 comments in 
programs, 297 Common Sense (Magritte) ,  
700- 1 common sense and programs, 301  
communicability of algorithms, 562 
commutativity, 55-56, 209, 225-27 , 453 ,  
639 compelling inner logic, 1 6 1 -62, 163-64 
competing theories, and nature of evidence, 
695 compiler languages, 292-95 compilers, 
292-95 ,  297 , 503 compiling, reverse of, 
3 8 1  
Complete List of All Great 
Mathematicians, see List 
completeness, 100-2, 4 1 7- 1 8, 422, 465 ; see 
also incompleteness,  consistency 
complexity of world, 569 
composite numbers , 64, 65-66, 73 ; see also 
pnme 
numbers 
compound sentences ,  in TNT, 2 14  
compound words, 665 
computer chess, see chess programs 
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computer languages : analogues in cell, 
547 ; dialects of, 503 ; flexibility and, 298-
99; high level, 292-93 ,  297-300; message
passing, 662-63 ; power of, 299, 428-29 ; 
presented, 289-99, 406-30, 498-99 ; in 
SHRDLU, 629-32 computer systems, 287-
302 computers : assembled by computers , 
504, 684; crying, 675-76; determinism and, 
25-27 , 306-7 , 684-86; fallibility of, 575,  
578,  678 ;  learning by, 603-5 ; origins of, 
24-26 ; in phonographs,  78,  484, 486-88;  
see also programs, AI, Al programs 
concept network, 65 1 -54; see also semantic 
networks 
conceptual dimensions, 670-7 1 
conceptual mapping. 668-72 
conceptual nearness,  37 1 -73 ,  6 14, 65 1 -56 
conceptual revolutions, 660-6 1 ,  673 
conceptual skeletons, 3 8 1 ,  5 14 .  666-72, 
674 connotations and culture, 372-73 ,  379-
80 consciousness :  causality and, 709- 10 ;  
source of, 
384-85 , 387-88:  understanding of, 82, 680, 
708- 10  
conservation of  complexity, 60, 1 95 
consistency: defined, 94; of extended TNT, 
223 , 459; hypothetical worlds and, 95- 100;  
interpretations and, 88,  94- 10 1 ; Lucas and, 
477 ; oath of, in TNT, 450; proofs of, 23-
24, 1 9 1 -92, 229-30, 449-50; of 
Propositional Calculus, 1 9 1 -92, 229 ; of 
TNT, 229-30, 449-50; varieties of, 94-96 ; 
see also (o-consistency 
constants, parameters ,  variables ,  643-44, 
669 
context: necessity of, 16 14 ,  1 73-76; 
restoring of, 1 1 5 - 16, 128,  1 33 ,  1 6 1 -64, 
173-76 
context-free sums, 520-22 
contexts, nested, 643-46, 672, 674 
continued fractions, 140, 277 , 563 , 565 
continuous vs. discrete processes, 598 
Contracrostipunctus ,  discussed, 82-85,  267 , 
270-7 1 ,  406-7, 424, 467-70, 483-84, 534-
37, 608, 721 
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contradictions : between levels, see level
conflicts ; caused by impossible cycles ,  94-
96; coexisting in same brain, 383 ,  697-98 ;  
diagonal argument and, 420-22; in 
mathematics, 17-24, 196-97 , 223 , 580-8 1 ;  
so-consistency and, 453 ; personal 
nonexistence and, 698 ;  in pq-system, 87, 
88 ;  in Propositional Calculus, 1 9 1 -92, 196-
97 ; in selfimage, 696 ; Tortoise's shell and, 
177-80; two levels of, 58 1 ,  584; visual, 97-
99; Zen and, 99, 235 ,  246-56, 698 ;  see also 
paradoxes, inconsistency, Epimenides 
paradox, etc. 
Contrafadus, 64 1 ,  643 , 669 
Convex and Concave (Escher) , 105-9, 348 
Cooper pairs , 304-5 
copies :  canons and, 8-9, 527-28 ; in code, 
5 17 ,  527-28 ; complementary to originals, 
70, 50 1 ,  506-7 , 5 17 ,  see also inversion; 
DNA and, 529-3 1 ;  inexact, 500-3 ,  546; 
nature of, 146-49 ; self-reps and, 500-4, 
5 12- 1 3 ;  television and, 489 ; viruses and, 
542-43 ; visually nested, 1 38-40; see also 
sameness,  isomorphisms 
copper, 173 
Cops Silva and Could, 405 
Copy mode (Typogenetics), 506-8 
cortex: areas of, 344; cerebral, 340-48;  
visual, 343-48 
counterfactual parameters , 639 
counterfactuals , 634-40, 64 1 -44 
counterpoint, see canons, fugues, Bach, etc . 
counting, 55-57, 228, 364 
court system, 692, 693 
covalent bonds, 5 14 
cows, 3 12, 346, 35 1 
CPU, see central processing unit 
Crab : entertains Achilles ,  480-94 ; genes of, 
200- 1 ,  204. 507 ; '  hikes and plays flute, 
549-58 ;  
intelligence of. 549,  558,  733 ; jukebox of, 
1 54-57 ;  meets Achilles ,  200; musical 
evening 
chez, 720-42; origin of, 666-68 ; plight of, 
28 1 ,  
383-84; questionable behavior of, 560, 562, 
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573-74, 579-8 1 ;  receives presents and enter 
tains guests, 275-84, 3 1 1 -36 ;  subjunctive 
afternoon chez, 633-40; Theme of, 729, 
732. 740, 742; vs.  Tortoise, 75-78, 406, 
493-88,540, 543 Crab Canon (Bach) , 202-
3, 666 Crab Canon (Dialogue) , 204, 355-
56, 665-69, 672, 723-25 , 738 
Crab Canon (Escher) , 1 98-99, 667 
crab canons, 9 ,  1 98-203 , 204, 355 ,  50 1 .  
665-69 ; in DNA, 200- 1 
crab programs, 500- 1 
creativity, mechanizability of. 25 , 26, 57 1 ,  
620, 673 ; see also originality, paradox of 
AI, non programmability, etc. 
Crick, Francs,  505 , 532, 533 ,  534, 6 1 7  
Crime and Punishment i'Dostoevskvl, 379-
80 Cristofori, Bartolommeo, 3 critical 
mass ,  228, 3 17 ,  389,  4 17 ,  470 crossing
over, 665-68 crystal in magnetic field, 140-
43 crystallization metaphor, 347 C"f
Thesis, see Church-Turing Thesis Cube 
with Magic Ribbons (Escher) , 28 1 -82 
cursively drawable figures ,  67 -68, 72 
cytoplasm, 5 17 ,  5 1 8, 522-24 cytosine, see 
nucleotides 
da Vinci, Leonardo, 64 1 
Dali, Salvador, 700 
Dase, Johann Martin Zacharias , 567 data 
base, 6 1 8  daughter programs, 503 , 546 
David, Hans Theodore, 3, 28, 7 1 9  Day and 
Night (Escher) , 252, 255 ,  667 Dboups, 
Hfpsh, 5 1 5 ,  533 De Chirico, Giorgio, 700 
De Morgan, Augustus, 20, 404, 600 
decidable strings ,  4 1 7  decimal system, 262-
64, 269 
decipherment of texts, 50, 164-65 , 173-74, 
583 decision procedures :  for alienness,  
487 -88, 540-4 1 ;  for axiomhood, 4 1 ,  48, 
470; for beauty, 552-58,  560, 579, 58 1 -82, 
583-84; as BlooP puzzles, 4 1 5 - 1 7 ;  for 
Buddha-nature, 234, 239, 272; defined, 39-
4 1 ;  for Diophantine equations, 559-60; for 
dreamable themes,  384 ;  for end of 
Dialogue, 402-3 ; for genuineness of koans, 
234, 239 ;  for Goldbach property, 400, 4 14 ;  
for Granny, 344-45 , 347-48;  for halting, 
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425-29 ; for intelligence, see Turing test; for 
Mozart pieces ,  649 ; no guarantee of 
existence of, 72; for number-theoretic 
truths ,  228-29, 426, 55 1 -58 ,  560. 573-74, 
579-8 1 ;  for primality, 64, 149 ,  4 1 3 ;  for 
proof-pair-ness, 4 1 6, 439-4 1 ;  for sameness,  
146-49, 158-59; for sorting numbers into 
two classes, see Church-Turing Thesis ; for 
termination, 425-29 ; for "the Way" in Zen, 
250-5 1 ,  253 ,  254; for theoremhood, 39-4 1 ,  
47-49, 72-73 ,  1 90-9 1 ,  408, 4 1 6, 560, 579-
80, 582; for theorem-numbers , 440-4 1 ,  
580; topdown vs. bottom-up, 48-49 ; for 
Tortoise-pairness,  44 1 ;  for Tortoise 
property, 396-97, 4 1 5 ,  44 1 ;  for truth, 2 1 3 ,  
228-29, 4 17 ,  552-58,  560-6 1 ,  579, 58 1 ;  for 
validity of derivations , 1 94, 4 1 6, 439-4 1 ,  
470; for well-formedness,  1 82, 269, 4 1 6, 
582; for wondrousness, 402, 425 

d coding : of DNA, 1 59-62, 1 75-76, 20 1 ,  
23 1 ,  53 1 -32, 538 ;  of formal systems, 50-
5 1 ,  54; of fortune, 1 54 ;  via Gtidel 
isomorphism, 267 ; of nature . 409 ; of 
records, 1 54-57, 158-59, 
16 1 -64, 1 72, 1 74-75 ;  as revelation, 160-6 1 ;  
of Russian text, 380;  see also 
isomorphisms, translation, information, 
chunking 
decoding mechanisms : complexity of, 1 58-
62, 1 72-76, 582-84 ; innate, 1 70-7 1 ;  nature 
of, 1 58-76; record players as , 83 ,  1 54-57 ;  
transparency of, 267 , 50 1 ;  for Tripitaka, 
257 ;  see also isomorphisms, etc . 
L)eduction Theorem, 1 86 
default options , 352-53 ,  386, 4 1 1 ,  645 , 674 
defects and expectations, 77, 86, 102, 222, 
476 demidoublets ,  633-34, 669 
demons, 663-64 deoxyribonucleic acid, see 
DNA derivations : alleged, 439-40; defined, 
35-36:  fallacious, 220, 439; in MIU
system, 35-36,  262, 264, 439; in 
Propositional Calculus, 1 84, 1 85 ,  1 88,  1 89-
90, 196 ;  supernatural, 454-55 ;  in 
TNT, 217 ,  2 1 8, 219 ,  224-27 , 269 ; in tq
system, 
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65 ; in Typogenetics ,  507 , 509 ; vs.  proofs ,  
35-36, 1 93-94, 195 
Descartes ,  Rene, 263 , 340, 677 description
schemas, 650; see also templates 
descriptions : calculus of, 338 ;  restructuring 
of, 
649-53,  659-6 1 ,  672; tentative, 646-49 
descriptors, 647 
detachment, rule of, 1 85-86, 577 
determinism, 54;  see also free will Devil, 
685 
Dewdrop (Escher) , 249, 256 Di of Antus,  
333 
diagonal method, Cantor's ,  4 1 8-24, 426, 
427-29, 
438, 446, 469 
Diagram G, 1 35-37 dialogicians, 8 1  
dialogues, miniature, 1 9 1 -92, 193 ,  408-9, 
43 1 ,  
560, 565, 595-96, 598, 599 
Dialogues :  origin of, 28, 665-69 ; as self
refs, 
84-85, 129, 204, 502-3 , 667, 738-39 
Dickens,  Charles ,  326, 328, 380 Difference 
Engine, 25 differentiation, cellular, 543-46 
digestion, 306 
digits, shunting of, 264 Diophantine 
equations, 279, 459-60 Diophantus of 
Alexandria, 275 directory of real numbers , 
42 1 -24 disambiguation, 586-93 , 603 , 629-
32 distance to goal, 6 1 1 - 1 3  divisor
freeness, 74 
djinns, 1 1 3 - 1 5 ,  2 16- 17 ,  223 , 224 ; see also 
Genie DNA: as aperiodic crystal, 1 67 ;  as 
carrier of genetic information, 1 59 ;  
compared to  computer languages, 290-9 1 ;  
composition and structure of, 5 14- 1 5 ;  
covalent backbone of, 5 14- 1 5 ;  as 
declarative knowledge, 6 1 6- 1 7 ;  double 
strands, 5 14- 15 ,  530-3 1 ;  isomorphism with 
organism, 
146-48;  mode of self-replication, 529-30; 
in outer space, 167 ,  1 75-76; as program, 
language,data, 290-9 1 ,  547 ; quining and, 
53 1 ;  recombinant, 665 ; relation to mRNA, 
5 17 ;  self-destroy 
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ing, 536;  unusual interpretation of, 23 1 
DNA endonudease, 530, 53 1 DNA ligase, 
530, 53 1 
DNA polymerise, 530, 53 1 
DNA Rapid Transit Service, 505 . 5 1 7  
Doctor program, 599-600. 608 dog-and
bone problem, 6 1 1 - 1 3  .doGma 1 ,  doGma 
11, 532-33 
dogs, 233 , 234, 354, 383 , 569, 570, 6 1 1 - 12, 
679 Doko, 250, 698 
Dostoevsky, Feodor, 379-80 double 
negation, 1 83 ,  545 , 554 Double 
Nodulation, law of, 243 Dragon (Escher) , 
473-74, 524, 698 
Drawing Hands (Escher) , 1 5 ,  2 1 ,  1 33 ,  689-
92, 7 10, 7 16, 737 
dreams, 378, 379, 384, 725 Dreyfus, 
Hubert, 574 
dualism, 25 1 -55 ,  698-99 ; see also subject 
vs. object Dumpty, H. ,  332 
duplets (Typogenetics), 5 10, 5 1 2  Dvoi£k, 
Antonin, 163 

E. coli bacterium, 176, 537-4 1 
Earrwig, Dr. Tony, 586-93 . 627 
earth chauvinism, 1 7 1 -72 
Earth-Moon-Sun system, 353-54 
earthworm(s), 341 -42 
Eccles ,  John, 574 
Edifying Thoughts of a Tobacco Smoker 
(Bach) , 482 
Edifying Thoughts of a Tobacco Smoker 
(Dialogue) , 543 
eggs,  1 92, 360, 383 
Einstein, Albert, 100 
electrons, 140-46, 258, 30.3-5 
ELIZA, see Doctor program 
embedding of formal systems, 97, 207 , 2 1 5  
emergent phenomena, 708-9, 7 1 4  
emotions : brains and, 83 ; counterfeit, 599-
600; dependence of intelligence upon, 573,  
597-98;  as epiphenomena, 677 ; music and, 
83 ,  160, 163-64, 1 74-75 ,  383-84, 626-27 , 
676-77, 699 ; potential, 28 1 ,  383-84, 583 ; 
programs and, 573,  597-600, 626-27 , 675-
77; universality of, 163, 1 74-75 
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emulation, 295 
Endlessly Rising Canon (Bach) , 10- 1 1 ,  1 5 ,  
46, 1 30, 7 17- 19 ,  742 
ENIUQ (procedure) , 498-99 
enlightenment, 232, 237 ,  243 , 246, 25 1 ,  
254-55 , 479, 567 
Enlightenment 'Yond Enlightenment, 237 ,  
239, 243 , 244 
End, 232, 252 
enzymes :  function of, 520-22, 528-30, 543-
45 ; as models for AI, 663-64 ; rules of 
inference and, 509- 10,  5 1 3 ,  53 1 ;  structure 
of, 5 1 9-2 1 ,  525 ; synthesis of, 5 17- 19 ,  522-
25 , 527-29, 538-45 , 547 ; versatility of, 
529 ; vs.  typoenzymes,  529 ;  see also 
proteins ,  typoenzymes 
epigenesis, 1 59-60, 1 6 1 -62, 53 1 -32, 665 
Epimenides ,  picture of, 496 
Epimenides paradox: connection with 
G6del's Theorem, 17- 1 8 ; Escher and, 7 16 ;  
expanded version, 21 ,  22 ;  fear of, 23 ; 
French-English version, 50 1 ;  indirect 
recursion and, 1 34 ;  molecular version, 536-
37; neural version, 584-85 ; Quine version, 
43 1 -37 ,  445 , 446, 449 . 497-99, 53 1 ,  537 ;  
subtlety of, 495-98; Tarski version, 580-8 1 ,  
584-85 ; two levels of, 58 1 ,  584-85 ; 
Whitely's version, 476-77 
epiphen9mena, 308-9, 363 , 577, 596, 677-
79 
errors in programs, 295 ,  297-98. 596 
Escher, Maurits Cornelis :  Bach and, 20 1 ,  
666-67 ; contradictions and, 97-99 ; copies 
and, 146-48;  drawings of, see List of 
Illustrations (xiv-xviii) ; figure and ground 
in, 67-68 ; flat vs.  spatial and, 473-74, 689 ; 
incompleteness and, 7 16- 17 ;  Magritte and, 
480; as prime mover, 689-92, 7 10;  on 
subbrains , 387 ;  Strange Loops and, 10- 1 5 ,  
737 ;  Zen and, 255-57 
Escherization, repeatability of, 473-74, 
689 ; see also 2-D vs. 3 -D, Godelization 
I .SP, 598-99, 693-95 
essential incompleteness :  of Achilles '  
birthday, 462-64, 475-76, 688; of AI, see 
Tesleis Theorem; of list of reals, 423-24, 
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469 ; of phonographs,  see Todelization; of 
self-engulfing process,  493 ; of TNT and 
related systems, 468-7 1 ;  see also 
Godelization, Tlidelization, Escherization, 
nonprogrammahility, etc . 
Eta Oin, 586-93 , 674 
ETAOIN SHRDLU, 628,630 
Euclid, 19 , 43 , 58-60, 88-89, 2 16  
Euclid's prime number Theorem, 35 ,  58-60, 
228 Euler, Leonhard, 3, 394 
Fume, Max. 605 
evidence, nature of, 633-36 
evolution, 321 -22 
existential quantifiers . see quantifiers 
exotic styles of thought, 552, 563-64, 566-
67 expanding nodes, 1 34-36 
explanatory power on high level, 32 1 ,  326, 
707 - 1 0  expressibility and expreSSIve 
power, 1 0 1 , 4 17 ,  
44 1 -43 , 444-45, 450, 454, 465-70, 580-8 1 
extrasensory perception, see ESP 
extraterrestrial intelligence, 162-64, 167 ,  
1 72-76, 
34 1 , 646, 66 1 -62 
eyes ,  237 ,  248,  260, 308, 3 1 1 , 3 1 3 ,  477, 
633 ,  7 1 5  

Fair Captive, The (Magritte) ,  489 FANCY 
NOUN, 1 32-34 
Fantasia and Fugue in G minor (Bath) , 7 1 9  
fantasy rule, 1 83-85,  1 87 
faucet, mental, 364-65 
faultlessly functioning machines ,  575-78 
Faure, Gabriel, 1 63 
feedback and feedforward, 544-45 
Fermant, Johant Sebastiant, 332-35 
Fermant's Last Fugue, 335 
Fermat, Pierre de, 275-77, 278 ;  confused 
with Bach, 33 1 -35 
fermatas , 275 ,  329 ,  332, 333 
Fermat's Last Theorem: 275-79, 332, 4 16 ;  
coun 
terexample to, 277 ,  279, 460; inverted, 
333-34;  
parodied, 335 ,  55 1 ;  proof of, 277 ,  279,  460 
Feynman diagrams, 144-46 
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Fibonacci (Leonardo of Pisa) ,  1 36, 246 
Fibonacci sequence, 1 36, 138 ,  1 39,  1 52, 
173-74, 265 , 4 1 6  
fiddles ,  see violins 
fifth postulate (Euclid) , 90-93 , 222, 45 1 -52 
50 (fifty), 338, 557,  564 
figure and ground: 6 1 -63 , 64-74, 73 1 ;  in 
music, 70-7 1 
FIGURE-FIGURE figure (Kim), 68-70, 73 
filters : for abstraction, 286, 407-9, 648, 
657-60, 
663 , 673 ; for Pools , 4 1 8, 427 
finitistic methods of reasoning, 24, 230 
Fishes and Scales (Escher) , 146-47 
fission and fusion (of concepts), 338 ,  352-
56, 438, 
470, 664-65 
5-D space, 640 
flags, 29-32, 1 88 
flashcards, fee tRNA 
flat vs, spatial, see 2-D vs. 3 -D flattened 
100k-ahead, 604-5 
flattened roles of inference, see theorems 
vs. rules flexibility and inflexibility, 26-27 , 
296-302, 6 1 1 - 14, 657, 673-75 , 686 
flights of fancy, 378 
FlooP, 406, 424-30, 567-68;  fed into itself, 
425-26 ; power of, 428-29 . 561 -62 
fluency, 376-77 
flutes ,  3-5, 27 , 528, 552-58,  720, 726 F(n) 
and Min) , 1 37 ,  142, 359 focusing, 657-59 
folding-up of enzymes, 5 1 1 - 1 2, 5 19,  52 1 ,  
525 football, 44, 303 , 353 ,  634-40, 643 , 
644, 645 , 672 footraces, 29-32, 43 , 594-95,  
68 1 -83 forced matching, 670-72 forgetting, 
577, 578,  6 1 9  Forkel, Johann Nikolaus, 4 .  
86 form, 47 . 66-67 , 68, 73 .  1 90-9 1 , 370-7 1 ;  
syntactic 
vs. semantic, 58 1 -84, 63 1 
form and content, 84-85,  204, 279, 58 1 -84, 
667-68, 740 
formal systems, presentations of: C-system, 
64-65 ; MIU-system, 33-4 1 ;  P-system, 73-
74: 
pq-system, 46-60; 

Calculus, 
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Propositional 

1 8 1 -97 ; TNT, 204-30; tq-system, 64-65 ; 
Typogenetics . 504- 1 3  
formal systems vs. reality, 53-58 
formal vs. informal reasoning, 193-97, 
228-29, 
27 1 -72. 449-50, 6 14- 1 5 , 6 1 8- 1 9  
formal vs. informal systems, 26-27 , 559-
85, 598, 
684-86; see also brains, minds, etc. 
formalist philosophy of mathematics, 458 
formula: closed, see sentence ; open, 207-8 
formulas of TNT, 206, 207- 1 5  Four-color 
Theorem, parodied, 550 4-D space, 638-39 
four-postulate geometry, see geometry, 
absolute 4'33 "  (Cage), 1 56 
Fourmi, Lierre de, 333-34 frame effect, 704 
frame messages, 162, 166-67 , 1 76 frames,  
373 ,  644-46, 662-63 , 672 framing devices, 
478 Frank, Philipp, 642 
Frederick the Great, King of Prussia, 3-8 ,  
27 , 394, 729 
free will, 388,  680, 708, 7 10- 14 ,  720- 16 ,  
734-35 ,  739 ;  see also jumping out of the 
system 
Frege, Gottlob, 20 
French fries, 636-38,  683 
French Suite no. 5 ,  Gigue (Bach) , 1 30 
frequencies ,  of words and letters , 377,  630 
friend, mental model of, 386-87 fringe 
science, 693-94 
fugues, 335 ,  634, 730, 736;  in the Art of 
the Fugue, 
79-8 1 , 86; devices in, 3 14, 322-23 , 329-30, 
737-40; Dialogues and, 28; in the Musical 
Offering, 4-9 ; nature of, 9, 28 1 -84, 737 
Fundamental Facts 1 and 2. 440-42 
fundamental jukebox-axiom, 155  
funneling, 346-48 
G (Godel's string) ,  1 8 , 27 1 -72, 285 , 447-
55 ,  459-60. 502, 580, 608, 667 , 707-8 G', 
G" G'" Gu, 466-68 -G, 272, 449, 45 1 -55 ,  
458-59, 542 Galileo, 478-79 
games played by Al programs, 60 1 
Ganto, 1 89-90, 256, 407 
gases and molecules ,  307-8,  3 17 ,  693 
Gateles . s  Gate, see Muvtonkan Gauss, Karl 
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Friedrich, 92, 100 Gebstadter, Egbert B . ,  
94-95,  402-3 ,  484 Ge1emter, E . .  606-7 
general recursivity, 406, 430, 470 
genes, 200- 1 ,  507 , 5 12, 524-25 , 53 1 ,  544-
45 , 668 Genetic code, 160. 5 19-20, 522-24, 
533-34, 536, 
538;  origins of, 23 1 ,  548 
genetics ,  504-48 
( .enie, Meta-Genie, etc . ,  109- 16 ,  2 16- 17 ,  
223 , 224, 
610 ;  see also dj inns 
genie, symbol-manipulating. 39-40, 48 
genotype and phenotype, 1 59-62, 167 ,  173-
74, 
1 75-76, 295 , 53 1 -32, 667-68 
Gentzen, Gerhard, 195 
Geometric Code.  235-37,  24 1 ,  626 
geometry: absolute, 9 1 ,  93 ,  97, 222, 407 , 
45 1 -52; 
elliptical, 93 ; Euclidean, 19-20, 88-92, 100, 
222, 45 1 ,  456, 606-7, non-Euclidean, 19-
20, 9 1 -93 , 98-99, 100,222-23 , 45 1 , 455-56; 
"true" version of, 88-94, 99- 100, 456-57 
German professor, proverbial, 1 30-3 1 
Giant Electronic Brains. 25 , 60 1 glia, 339 
GlooP, 406, 428-29 G(n) , 137 
goals and subgoals, 227 , 589, 590-9 1 ,  609-
14 , 6 1 8- 19, 629, 632 
Goblet G, 79, 8 1 ,  83-85, 267 
God, 2 16, 400, 478, 482, 533 ,  567, 597, 
7 1 1 ;  picture of, 142-43 
GOD (acronym), 1 10- 15 ,  1 33 ,  1 34, 2 16, 
223 , 224, 
722; see also dj inns, Genie 
Gdde1, Kurt, 15 - 19 ,  24, 28, 738,  740, 742 
G6de1 Code, 1 8 , 268, 533-35 Gode1 
codons, 268, 425 , 533-35 
Gode1 isomorphism, 26 1 -7 1 ,  439, 442-46, 
738-39;  likened to reflection of world in 
brain, 502, 570 
Gode1-numbering, 1 8 , 438,  738-39;  of 
FlooP programs, 425-26, 502; of MIU
system, 26 1 -64 ; of TNT, 268-70, 579 
Gode1 questions, Lucas on, 389,  390 
Gode1ization, 270; programmability. of, 
47 1 -73 ; 
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repeatability of. 424, 465-76, 688; see also 
Escherization, Tode1ization, jumping out 1 
of the system 
Gode1izing operator, 472-73 ,  475-76, 543 
Godel's argument, summarized, 1 8 , 272, 
448 Godel's article. 17 ,  24, 438 Godel's 
construction, illustrated, 84 
Godel's method, underlying causes of, 204, 
407 , 465 , 468-7 1 
Godel's Second Theorem. 230, 449-50, 696 
Godel's Theorem: All and, 388-90, 47 1 -77, 
706-7, 7 14 ;  analogue of in molecular 
biology, 534, 536-37 ;  brief mentions, 72, 
74, 78,  100, 486; consequences of, 450-60, 
469-76; Contracrosttpunctus and, see 
Contracrosttpunctus :  Diophantine 
equations and, 459-60; LISP and, 
738-39;  proof of, 1 8 , 265-72, 438-49 ; 
stated, 17 ,  1 0 1 , 272 
Godel's Theorems and human 
introspection, 450, 696-98 
Goffman, Erving, 478 gold, 173 
Gold Box, Very Asian, 404-5 
Goldbach, Christian, 394, 395 
Goldbach Conjecture, 394-96, 400, 404, 
557-58, 6 1 5 ;  parodied, 55 1 
Goldbach property, 395-97, 400, 4 14, 4 1 8  
Goldbach Variation, 395-98. 400, 426, 44 1 
Goldberg, Johann Theophilus, 39 1 -92 
Goldberg Variations (Bach) , 392-93 ,  395 
Goodfortune, Hexachlorophene J., 103-4, 
1 1 5 ,  128-29, 1 30 
Goso, 248 
Gp10t, 138 ,  140-43 , 146-47 , 1 59,  503 , 66 1 
grammar: for computer languages, 297 , 
408- 1 5 ;  for Feynman diagrams, 142. 145 ;  
high-level, 625-27 ; for koans, 625-26 ; for 
music, 626-27 ; for natural languages . 1 30-
34, 1 50, 363 , 
588-93 , 6 1 9-2 1 ,  630-32; for thought, 627 
Grand Tortue, 237 ,  243-44 grandmother 
cell, 344, 345 
grandmothers, perception of, 344, 345, 
347-48 . 349 
graphics, 728 grass roots, 693 
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Great Tutor, 237 ,  239, 244 Green 
Programs, 427 Greendiag [NJ, 427 
Grelling's paradox, 20-2 1 ,  22 Groot, 
Adriaan de, 286 grounds, excellent, 73 1 
guanine, see nucleotides 
guaranteed termination, 4 1 ,  396-98, 399, 
403 guitars, 62, 200 
gullibility, 75-76, 106, 309, 46 1 ,  600, 70 1 
Gutei, 237 
G0025 , white stony, 626 

HACKER, 664 
haiku, 1 53-54, 525 , 6 19-20 
halting problem, 74, 425-29, 594, 697 
hamburger-confusion, 577 Hammurabi, 
169 
Hardy, Godfrey Harold, 562-66 
harmonic tension, 122-23 ; see also tension 
and resolution 
harpsichords, 3 ,  39 1 ,  502 Harrison, 
Lawrence, 657 Haussmann, Elias Gottlieb, 
2 HE-HE puzzle, 62-63 , 669 headache, 62-
63 hearing by computer, 602 "heart" ,  in an 
All program, 679 Heisenberg uncertainty 
principle, 455,  698 Helen of Troy, 1 10 
hemiolia, 257, 5 1 9  hemispheres ,  257, 340-
41 Henkin, Leon, 54 1 
Henkin sentences, 54 1 -53 ,  709 ; explicit 
and im 
plicit versions, 542-43 
Henkin's Theorem, 488 
hereditary arguments ,  36, 47-48, 2 17 ,  26 1 
heterarchies ,  1 34, 359,  534, 65 1 -54, 662, 
69 1 heterological adjectives,20-2 1 ,  22 
heuristics ,  587, 588,  590, 603 , 629 Hewitt, 
Carl, 662 
hiccups,  1 16, 254, 255 ,  673 . 725-26, 736 
hierarchy of variability, 643-45 , 669 
high-fidelity vs. low-fidelity, 77, 85, 1 0 1 ,  
406-7, 
470. 697-98 
high-level explanatory power, 707-9 
Hilbert, David, 20, 23-24, 230, 459-60 
Hilbert's program, 23-24, 229-30 
Hilbert's tenth problem, 459-60 H(n) , 137  
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Hofstadter, D. R. ,  75 ,  3 10, 724, 728, 742 
Hofstadter s law, 1 52 
Hogen, 248 
holes in formalized systems, 24, 26, 449, 
45 1 , 465 , 468, 470-7 1 
holism: defined, 254, 3 12;  vs.  
reductionism, 284, 3 1 1 -36, 389-90, 708-9 ; 
Zen and, 254 Hubel, David, 34 1 ,  343 
Human Condition I, The (Magritte) ,  705-6 
Hyakujo, 254 
hydrogen bonds, 5 16, 522, 525 
hyphen-strings ,  47, 64-65 , 66 
hypothetical worlds, 95- 100, 338 ,  360-62, 
634-40, 64 1 -44 ; groundedness in reality. 
362, 
378-79 
hypotheticals, 44-45, 634-40 

i, 454 
1, 454 
"I" ,  referent of, 608 
"I Can Be Played (Proven, etc . )  . . .  ", 488, 
54 1 
"I Cannot Be Played (Proven, etc. )  , 76-
77, 85,  
406-7, 448, 465-67 , 536, 54 1 , 608 I-counts, 
260-6 1 
I -level, see inviolate level 
I-mode, see Intelligent mode 
iceberg, 495-96, 497 
ideal numbers , 56-58 
identification with artifacts, 609, 7 1 3 - 14  
idiots savants, 566-67 
IF-statements (BlooP) , 4 1 1 - 1 2  
images : blurry, 686-87 ; of thought, 623 
"Imaginary Landscape no. 4" (Cage) , 163-
64 ,  699 imitation game, see Turing test 
Immunity Theorem, 536 
implicit characterization, 4 1 ,  67, 72-73 ,  93 
improvisation vs. introspection, 739 
inaccessibility of lower levels to higher 
levels, 686-92, 706- 10 ;  in Aunt Hillary, 
330-3 1 ,  630: in brains/minds, 302, 328-29, 
362-65 , 6 1 9, 677, 686-92, 697 , 706- 10,  
739;  in programs, 296, 300- 1 ,  588,  630, 
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679 ; see also software and hardware, 
introspection, level-conflicts 
incompleteness :  Bach and, 86; of brains ,  
585 ; defined, 86; Escher and, 7 16- 1 7 ;  of 
extensions of TNT, 465-7 1 ;  of formal 
arithmetics, 1 8 , 86, 10 1 -2, 407 , 6 1 8- 1 9 ;  of 
list of mathematicians, 422; of list of reals, 
42 1 -24 ;  of Lucas, 477 ; of phonographs,  see 
record players , intrinsic vulnerability of; of 
Principia Mathematica, 1 8 , 24, 6 1 8- 19 ;  of 
self-knowledge, 696-98; of TNT, 27 1 -72, 
430, 450-5 1 ;  see also essential 
incompleteness,  wincomp1eteness,  etc . 
inconsistency: defined, 94; with external 
world, 87-88, 95 ; internal, 87, 88,  94-96 ; of 
people, 1 97 ,  697-98 ;  of Tortoise, 1 77-80; 
see also consistency, contradictions, su
inconsistency, Zen 
increasing and decreasing rules ,  73 ,  74, 
260-6 1 ,  264, 269, 40 1 -2, 407-x, 44 1 ;  see 
also lengthening and shortening rules ,  
chaos in number theory 
index numbers for programs, 4 1 8-20, 427-
28 index triplets for supernaturals, 455 
India, 549, 55 1 ,  557,  562-66 
Indra's Net, 258,  359 
inducers, 545 
infinite bundle of facts , 397-98 infinite 
coincidence, 398,  42 1 
infinite regress, 1 1 1 - 1 3 ,  142, 146, 1 52, 
23 1 ,  388-89, 426, 497 , 738 ;  in Carroll 
paradox, 43-45 , 1 70, 192-93 ,  684-86. 693-
94; halted, 127 ,  1 33-35 ,  1 70, 605 , 684-86; 
of objectivity, 479 ; Zeno and, 3 1 -32, 610 ;  
see also Carroll paradox, bottoming out, 
recursive acronyms, repeatability, etc . 
infinite sentence, 497 infinite sky, 40 1 
infinitesimals and nonstandard analysis, 
455 infinity : Bach and, 10, 7 19 ;  Escher 
and, 1 5 ;  handled finitely, 59-60, 22 1 -25 , 
46 1 -64, 468 ; illustrated, 1 35-36, 1 38-43 ; 
names of, 475-76; supernatura1s and, 454; 
types of, 42 1 ;  see also nontermination, 
infinite regress, recursion, etc. 
informal systems, see formal vs. informal 
systems information: accessibility of, see 
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inaccessibility; creation of, 5 1 3 ;  depth from 
surface, 234-35 ,  409, 427 , 549-58,  606-7, 
6 1 2- 1 3 ,  628, 673 ,  see also decoding ; 
discardab1e, 649, 653 ,  657-59. 669-72: 
flow of, 5 1 3 ,  533 ,  545 , 547 ; irrelevant, 560 
information-bearers, 1 58,  166, 167 
information -reveale rs , 1 58, 267 
inhibition, cellular, 544 
inner messages, 166-7 1 ,  1 74-76, 50 1 , 524 
input-output devices, 288 
input parameters (BlooP), 4 1 1 
insight, 6 1 3 ,  660-6 1 ,  665-76 
instant replays, straight and subjunctive, 
634-40, 64 1 ,  672 
instructions : in machine language, 289-95 ; 
vs. templates ,  497-99, 53 1 ,  see also 
programs vs. data 
INT(x) , 1 38-4 1 ,  146, 66 1 
intelligence: accidental inexplicability of, 
707 ; essential abilities for, 26 ; 
extraterrestrial, see extraterrestrial 
intelligence; 1iftabi1ity of, see skimming 
off; limits of, 475-76, 679-80; necessary 
underpinning of, 324; simplicity of, 1 72-
73 ; subtle features of, 566; tangled 
recursion and, 1 52;  typical abilities of, 559;  
universality of, and intrinsic meaning, 1 58,  
162-64, 1 70-76, 50 1 ,  66 1 -62; see also 
brains ,  minds, A I ,  etc. 
Intelligent mode, 38-39, 65,  1 93-94, 6 13 -
14  
intensiona1ity and extensionality, 337-39, 
350, 361 -62 
intentions of machines ,  684-85 
interestingness,  programmed, 6 1 5  
interpretation-conventions, 687-88 
interpretations : adjusted to avoid 
inconsistency, 87-88, 453 ,  456, see also 
undefined terms ; multiple, 94- 102, 1 53-57,  
266-67 , 27 1 ,  447-48 ; of pq-system, 49-53 ,  
87-88, 10 1 -2, 158 ;  of Propositional 
Calculus, 1 86-87, 1 89,  1 9 1 -92; of strands, 
509- 10 ;  of TNT, 205-9, 266-67 , 453 ,  533 ; 
of tq-system, C-system, P-system, 64-65 , 
73-74 
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interpreters : mechanisms in brain, 582-84 ; 
people, 293 , 297 , 524, 67 1 ;  programs, 293 , 
504, 547, 6 1 6, 632, 662, 692 
intrinsically high-level properties, 707-9 
introspection, see self-monitoring, self
awareness,  self-know ledge, inaccessibility, 
TNT. introspection of 
intuition, 560, 564, 6 1 3 ,  680, 7 1 3 ;  
programming of, 605 , 609 
inversion, 8-9, 8 1 ,  146, 68 1 -83 , 737-38 ;  
see also copies, complementary to  original 
inviolate level, 686-92 
irrationality vs, rationality in brain/mind, 
575-78 
itregularites ,  meta-irregularities, etc. 475-
76 
Iran, 254 
ism, 254-55,  625 , 704-6 
isomorphisms : between Bongard problems, 
660, 669 ; between brain-structures and 
reality, 82, 337-39, 350, 502, 569-7 1 ;  
between brains ,  369-82; coarse-grained, 
147-48, 503 ; in Contracrostipunctus ,  83-
85 ; between Crab's DNA and Crab Canon, 
203 , 667-68 ; defined, 9, 49-50; between 
earthworms . 342-43 , 345 ; of emotions, 
163 ;  exotic, prosaic, 1 59-60; fluid, 338 ,  
350 ,  362 ;  between form and content in 
Dialogues, 84-85,  128-30, 204, 667-68 ; 
between formal systems and number 
theory, 408, 625 ; Godel-numbering and, 
see Godel isomor phism; between 
mathematicians, 566; between mathematics 
and reality, 53-60; between mental 
processes and programs, 568-73 ; between 
MIU -system and 3 l0-system, 26 1 -65 ; 
between models of natural numbers , 2 17 ;  
partial, 146-47 , 37 1 -82; as revelations, 
1 59-6 1 ,  263 ; as roots of meaning, 49-53 ,  
87-8, 94, 267 , 337 , 350; self-reps and, 50 1 -
3 ;  between something and part of itself, 
1 38-43 , 146-47 ; between spiderwebs,  37 1 -
72; transparent, 82, 1 58,  267 ; on various 
levels between same objects ,  369; between 
visual apparatuses, 345-46; in visual 
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processing, 344; see also meaning, 
translation, copies ,  decoding, etc. 

'Jabberwocky" (Carroll) , 366-68, 372-73 
Jacquard 100m, 25 
Jaki, Stanley, 574 
"Jammerwoch, Der" , (Carroll-Scott) , 366-
68 "Jaseroque, Le" (Carroll-Warrin) , 366-
68 Jauch, J. M. ,  408, 409, 478-79 
Jefferson, G., 598 
Joan of Arc, 20 Johns, jasper, 703 
J6shti, 233 ,  237 ,  238,  240, 253 ,  259, 272 
JOSHU (TNT -string), 443 
jukeboxes, 1 54-57, 160-6 1 ,  164, 1 70-7 1 ,  
1 74-76, 
500 
jumping out of a subsystem, 477 
jumping out of the system: in 
advertisement, 478 ;  
by answer-schemers, 462-64 ; Godel's 
Theorem 
and, see Godefization, essential 
incompleteness ;  
illusion of, 478-79, 698 ;  as  method to 
resolve 
contradictions, 1 96-97 ; in political systems, 
692; 
by programs, 36-38,  476-78,  678 ;  from 2-D 
to 
3-D, see 2-D vs. 3-D; Zen arid, 255 ,  479 ; 
see also Godelization, Todelization, 
Escherization, TC battles ,  repeatability, 
nonprogrammability, etc . 

Kaiserling, Count, 39 1 -92 
Kay, Alan, 662 Kennedy, John F., 64 1 
keys, musical, 10,  299, 466, 50 1 ;  see also 
modulation 
Kim, Scott, 68-69, 503 , 523 , 7 1 9  
Kimberger, Johann Philipp, 9 ,  726 kitchen 
sink, the, 3 1 5  Kleene, Stephen C . ,  476 
Klein bottle, 69 1 
Kliigel, G. S . ,  9 1  knitting, 149-50 
knots, 341 -44, 272, 628 
knowledge: accessible vs. inaccessible, 
362, 365, 
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616, 6 19 ;  encoded in ant colonies ,  3 19-28, 
359 ;  
explicit vs.  implicit, 6 1 7- 1 8 ;  modularity of, 
6 1 5 - 1 8 , 628 ; procedural v4. declarative. 
363-65 , 6 1 5- 17 , 630, 654 ; 
know ledge transplantation, surgical, 6 1 8  
koans, 30, 1 89-9 1 , 233-45 , 246-59, 625-26 ; 
generated by computer, 625-26 ; genuine 
vs. phony, 234-35 ,  239, 242, 244, 427 , 
625-26 Kronecker, Leopold, 2 16  Kuhn, 
Thomas, 660 
Kupfergiidel, Roman, 394 K vogen,244-45 

La Mettrie, Julien Offroy de, 3, 27 , 729 
labeling technique, 487-88, 540-4 1 
Lambert, J. H. ,  9 1 ,  92, 99 
lamp, meta-lamp, etc . ,  108- 1 3 , 2 16  
language(s) : acquisition of, 1 70, 294, 302; 
active meanings in, 5 1 -52; Arabic, 623-24 ; 
of bees, 360; of the brain, 570; Chinese, 
164, 665 , 676; collage of, see scripts ; 
computers and, 1 30-34, 300- 1 ,  363 , 586-
93 , 599-600, 60 1 -3 ,  6 19-32, 674-75 ,  72 1 ;  
effect on thought, 376-77 ; English, 169,  
372-73 ,  377, 379-80, 6 1 9-32, 674-75 ;  
flexibility of, 649, 674-75 ;  French, 297 , 
366-68, 372-73 ,  377, 50 1 ,  6 1 8 ;  German, 
366-68, 372-73 ,  380, 665 ; Hebrew, xviii, 
377 ; hierarchy of, 22; imprecise, 674-5 ; 
invisible isomorphisms and, 82; Japanese, 
169 ;  as medium for proofs , 88-90, 195 ;  
necessary underpinning of, 324; partitions 
between, 67 1 ;  procedural grammars for, 
1 3 1 -34, 6 1 9-32; reading meaning into 
computer-produced, 599-600, 625 ; on 
Rosetta stone, 165 ;  Russian, 297 , 379-80, 
642; self-refs in, 43 1 -37 ,  495-98, 50 1 ;  see 
also meaning, translation, etc . 
Lashley, Karl, 342, 343 , 348 
"last step " ,  462-63 , 468 
lateral geniculate, 343-44 
layers : of deception, 478 ;  of messages, 
166-7 1 ,  524, 703-4; of stability, 643-45 
leakage, between levels of science, 305-6 
Legendre, Adrien-Marie, 92 Lehninger, 
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Albert, 504 Leibniz, Wilhelm Gottfried, 
24-25 , 600 Iemmas, 227 
Lenat, Douglas, 6 1 5  
lengthening and shortening rules :  decision 
procedures and, 48-49, 1 82, 407-8 ;  MIU
system and, 39-40, 260-6 1 ,  264, 6 1 3 ;  TNT 
and, 2 1 3 ,  266, 269 ; see also increasing and 
decreasing rules ,  problem reduction 
Leonardo of Pisa, see Fibonacci 
Lermontov, Mikhail, 642 
level-conflicts : in Aunt Hillary, 330, 630; 
in mindibrain, 575-78 ;  in messages, 164, 
1 70, 699-704; between object language and 
metalanguage, 
194, 449-50; in SHRDLU, 630 
level-con fusion: ants and, see ants vs.  ant 
colonies ;  
in art, see 2-D vs .  3 -D ;  authorship and, 3 .  
608, 720-26 ; in computer systems, 287, 
29 1 ,  295 ,  300-2, 308; of Kimian self-rep, 
503 ; minds/ 
brains and, 287, 575-77 ; in Propositional 
Calculus, 1 85 ,  1 94 ;  subjunc-TV and, 608 ; 
self and, 709 
level-crossing, in thought, 666, 668 
level-mixing in genetics ,  509- 10,  5 1 3- 14, 
546-48 level-shifting, conceptual, see 
abstraction, levels of levels : of computer 
languages, 290-99 ; distinct vs.  
similar, 285 , 287 ; in Escher, 1 1 - 1 5 , 6 
levels (continued) 
7 1 5- 16 ;  haziness of, 1 3 - 1 5 ,  546 1 8, 7 1 5- 16 ;  
intermediate, 302-3 ,  3 17 ,  324, 532, 632; of 
irreality, 243 , 64 1 ;  of MU-picture, 3 1 1 - 1 3 ,  
328-29, 525-26 ; of partides ,  305 ; in radio 
news, 128 ;  of reality, 1 5 ,  103-25 , 128-29, 
1 84-85, 48 1 , 493 , 640, 725-26, 737, 739;  in 
recursive processes, 128-29 ; of rules in 
thought, 26-27 
levels of description: of ant colonies ,  3 1 5-
33;  of brain, 349-50, 382. 559, 570-77, 
584-85 ; of caste distribution, 3 19-29 ; of 
chess boards, 285-86; of errors , 294-95 ; of 
gases, 308; of human body, 285 ; of human 
psyche, 287 ; of mental processes, 568-73 ,  
575-78, 584-85 ; of  programs, 294-95,  380-
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8 1 ;  of television screen, 285 ; see also 
holism vs. reductionism 
levels of meaning : in ant colonies ,  3 19-27 ; 
in Contracrostipunctus ,  82-85 ; of DNA, 
160, 53 1 -32, 665 ; in Epimenides paradox, 
496, 58 1 ,  584-85 ; of groove-patterns, 83-
84; of Mumon, 248 ;  of MUMON, 266-67 ; 
of music, 162-63 ; of neural activity, 575-
77 ; of TNT -strings, 266, 270-7 1 
levels of structure : of enzymes, 5 10- 1 1 ,  
5 19, 52 1 , 525-27 , 532;  of music, 525 
liar paradox, see Epimenides paradox 
Liberation (Escher) , 57-58, 65 
lightning calculators , see idiots savants 
limericks, 483 , 736 
limitative results, in general, 19 ,  74, 609, 
697 , 699 Lincoln, Abraham, 454 
lines, geometrical, 1 9-20, 90-93 ,  100, 222, 
452, 456 
LISP, 293 , 3 8 1 , 626, 652, 692, 738-39 
List of All Great Mathematicians, 404, 422 
Little Harmonic Labyrinth (Bach) , 1 2 1 -23 , 
129,  1 30 Little Harmonic Labyrinth 
(Dialogue) , 127 ,  128-30, 
149, 2 16, 6 10- 1 1 
Little Harmonic Labyrinth (of Majotaur) , 
1 1 9-25 Littlewood, J. E . ,  564 
lizards, 108-9, 1 10, 1 1 5- 17 ,  125 
Lobachevskiy, Nikolay, 9 1  
local vs.  global properties, 2 1 ,  1 60, 359,  
363 , 37 1 -75 , 543 , 582-84, 678 
localization of knowledge, in brains and 
programs, 342, 348, 365,  6 1 7- 1 8  
Lockwood, Anna, 700 
logic, 1 9-24, 43-45 , 99- 100, 1 77-80, 1 8 1 -
97, 46 1 -64, 6 1 8- 1 9  
Loocus the Thinker, 477 
look-ahead trees ,  1 5 1 , 604-5 , 6 1 1 ,  7 1 2  
loops :  bounded, 149,  4 10- 14, 4 1 8, 440-4 1 ,  
444 ; free, 149,  424-25 ; in music, 1 50;  in 
programming, 149-50, 4 10- 14, 424-25 , 
503 , 632 lottery, 639-40 
Lovelace, Lady Ada Augusta, 25 , 307, 598 
lower levels ,  see substrate, mental 
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lowest-level rules embodied in hardware, 
685-86 Lucas, J. R. 388-90, 47 1 -73 ,  475 ,  
476, 477, 574, 
577-78, 597 
Lucas' argument: counterarguments to, 
475-77, 577-78 ;  merits of, 472; 
summarized, 47 1 -73 Lucas sequence, 1 39,  
1 52, 1 74 

M -mode, see Mechanical mode 
MacGillavry, Caroline, 667 
machine dependence and independence, 
294 machine language, 289-300, 306, 3 8 1 ,  
547 machines :  not the sum of their parts, 
389-90; 
reflecting on themselves, 288-89 ; self
assem 
bling, 160, 486, 504, 543 , 545 
MacLaine, Shirley, 285 
macroscopic effects from micros 
307 copic causes, MACSYMA, 6 1 5  
Madstop, 727 
magnetic field and crystal, 140-43 
Magnficat in D (Bach) , 549, 552, 558 
hfagn#iicrab, Indeed, 560, 574,  58 1  
Magritte, Rene, 480-8 1 ,  489, 493-94, 627 , 
700-2, 
705-6; paintings by, see List of Illustrations 
(xiv xviii) 
Mahalanobis ,  P. c . ,  565 
main theses of book, 26, 46, 559, 7 1 4  
Majotaur, 1 19-2 1 ,  123-25 malaphors , 657 
Mandelbrot, Benoit, 71 manifestations of 
symbols , 35 1 Mao Tse-tung, 433 
mappings :  charted, 85,  449, 533, 536; 
induced, 668-69, 67 1 -72 
marbles, rolling, 7 1 1 - 1 2  Margie-balloon 
story, 675 Materialism, champions of, 27 , 
729 mathematical logic, history of, 1 9-24 
mathematical view of brains ,  559 
mathematicians, 458-59, 559, 566, 6 14  
mathematics :  done by computers, 573 ,  602, 
6 14- 1 5 ;  foundations of, 1 9-24 ; reality and, 
54-58,  456-59 
Mathews,  Max, 607-8 McCarthy , John, 
293 McCulloch, Warren, 1 34 
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meaning : built on triggering-patterns of messages ,  1 54, 158-76: in ant colonies ,  
symbols , 325, 327, 350; carried only on 350; in bottles ,  1 67-69 , 524;  layers of, 166-
symbol level, 324-27 , 330, 330, 709- 10,  7 1 ,  524, 703-4; from nature, 408-9; see 
codes and, 82, 1 58-62, 164-67 , 267 ; of also frame message, inner message, outer 
Contracrostipunctns, 82-85 ; of DNA, 160, message 
53 1 -32, 665 ; explicit vs. implicit, 82-85 , messenger, for koans, 235-36, 238 
158-76, 495-500, 583 ; in formal systems, messenger RNA, see mRNA meta, 2 16- 17 ,  
see interpretations ; intelligence and, 158 ,  224 meta-agnosticism, 1 14 meta-analogy, 
162-64, 1 70-76, 50 1 , 66 1 -62; intrinsic, see 673-74 meta-answer-schema, 463 meta
meaning, explicit vs.  implicit ; location of, author, 607-9, 726 metabook, 22 
153-57,  158-76, 408-9, 582-84 ; as meta-descriptions, 656-57 ,  674 meta
multidimensional cognitive structure, 582- evidence, etc . ,  693-94 Meta-Genie, see 
84; multiple, 8 ,  10, 52-53 ,  82-85,  94- 102, Genie meta-hiccups,  726 meta-intuition, 
1 53-57,  1 58,  1 72, 266-67 , 27 1 , 409, 447- 605 META-JOSH1 -) ,  etc . ,  443 
48, 524, 532, 666, see also disambiguation; metaknowledge, 364 
in music, 83 ,  160, 1 6 1 ,  162-64, 167 ,  1 72, metalanguage, 22, 1 84, 1 94.  248,  270, 5 14 
174-75, 227 , 582-84, 626-27 , 676-77, 699- metalogic, 23 , 676 
700, 704 ; objective, see meaning, explicit metanrathematics, 23 , 579; reflected inside 
vs. implicit ; as optional high-level feature, TNT, 
57 1 ;  passive vs. active, 5 1 -52, 94, 97, 100, 449-50 
102, 1 9 1 -92, 266, 267 , 27 1 ,  456; purpose Metamorphosis (Escher) . 14- 1 5  metaphase, 
and, 321 -32;  rooted in isomorphisms, 49- 666-57 metaphor, 672 meta-proteins, 533-
53 ,  87-88 ,  94 ,  267 , 337 ,  350; unnecessary 34 
on evolutionary time scale, 321 -22 metarules, etc . :  in chess, 687-88 ; in 
meaningless vs. meaningful interpretations, intelligence, 
5 1 , 88 26-27 , 559, 684-85 
meaninglessness ,  in art and music, 699- meta-search, 397 meta-symbols , 560 
700, 704-3 metatheorems, 193-94 metatheorv, 
meat grinders , 4 14  formalized, 194 meta-TNT, etc . ,  442-43 , 
Mechanical mode, 38-39,  65,  1 94, 22 1 ,  533-34 meta-wishes, see wishes meteorites ,  
6 1 3 - 14  167 ,  1 72 methylation, 540-4 1 
mechanization of thought processes, see metric, mental, 6 1 3 ,  6 14 ;  see also 
AI, formal systems, etc. conceptual nearness 
meiosis, 665 , 672 Meyer, Leonard B . ,  1 67 ,  704 
melodies :  recall of, 363-64; time-shared, Michelangelo, 642 microprogramming, 295 
385 minds : overlap of, 376; programmability 
memory, in computers, 288-89, 546, 6 1 6  of. 302, 679, see also AI, paradox of Ail, 
memory dump, 3 8 1  Tesler's The 
men vs. women, 477, 595-96 orem, nonprogrammability; thoughts and, 
Mendel, Arthur, 3 ,  28 369-90; two ways of creating. 390; vs.  
Mental Arithmetic (MagrittO, 627 brains ,  
mention, see use vs. mention 309, 575-77 ; see also brains ,  intelligence, 
Menzel, Adolph von, 4-5 etc. mini-vocabulary, 647 
Meredith, Marsha, 625 Minsky, Marvin, 373 ,  388,  644, 679, 722 
Mergenthaler, Otto, 630 mirroring, see isomorphisms, 
message-L sing languages, 662-63 representation misspelling and computers , 
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297-98 MIU-numbers , 264-67 ; see also 
theorem-numbers MIU-system, 33-4 1 ,  46, 
47, 48, 52, 1 9 1 , 260-67 ; 
as model for TNT, 439-42, 466 ; table of 
rules of, 260 
MIU+MU-system, 466 Mobius Strip I 
(Escher) , 29-30 Mobius Strip II (Escher) , 
276 modes of fugue-listening, 282-84 
modularity, 149-50, 6 1 5 - 1 8 , 628, 677-78 ;  
see also 
localization, local vs.  global properties 
modulation, 10, 1 2 1 -23 , 129-30, 466, 50 1 ,  
7 17 , 739 
modules in brain, see symbols Modus 
Ponens, see detachment molecular biology, 
504, 5 14-48 Mondrian, Piet, 700 
monkeys,  vision of, 345-4b 
Monod, Jacques, 1 6 1  morphogenesis, 539,  
543-44 Mosaic II (Escher) , 6 1 -63 
mountain-car wreck story, 338-39,  36 1 ,  
365 Mozart, W. A. ,  649, 702 
mRNA, 5 17-20, 522-25 , 527-28, 530-33 ,  
536, 
545 , 547, 662, 663 
MU, as possible theorem of MID -system, 
33-4 1 ,  
229, 259-6 1 , 265-67 , 27 1 , 708 
MU, Zen word, 233 ,  24 1 ,  246, 254, 259, 
272, 3 1 1 , 
3 12-3 1 3 , 328 
MU-LOOP (Floc P) , 424-25 , 44 1 Mu 
Offering, A, 272, 628 muoperator, 424 
MU-picture, 283-84, 3 10- 1 3 ,  327, 328-29, 
525-26 
MU-puzzle, 33-4 1 ,  259-6 1 ,  509- 10, 6 1 3 - 1 4  
multifurcation of TNT, 467 
multiple representations, 6 1 6- 1 8, 670-7 1 ,  
674 multiplication, 54-56, 64-65 , 206, 409, 
455, 566, 567 
Mumon, 242, 246, 248-49, 253 ,  259, 260, 
272; 
commentaries by, 246-49, 252; poems by, 
246-49, 252, 272 
MUMON, string of TNT, 265-67 , 27 1 ,  
44 1 -42 Mumonkan, 246 

Index 

music : composed by computer, 25 , 595,  
597, 603 , 
607-9, 626-27 , 676-77;  dimensions of, 175 ;  
mathematics and, 227 , 555 ,  560; modern, 
1 56-57, 163-64, 1 74-75 ,  699-700, 704; 
notation 
of, 552-59, see also SMUT; semantics of, 
83 ,  
162-64, 167 ,  1 74-75 , 582-84, 626-27 , 676-
77;  
superhuman comprehension of, 1 72, 679 ; 
syntax of, 1 2 1 -23 , 129-30, 227 , 626-27 , 
737;  to 
break phonographs by, 75-78; to infiltrate 
phonographs by, 487-88;  see also fugues, 
canons,  pianos,  flutes, etc. 
music box, preprogrammed, 677 
Musical Offering, The (Bach) , 4- 10,  86, 
665 , 666, 
7 19,  720, 724, 727 , 739-42 mutations , 295 

N, see number theory 
Najunamar, Z . ,  549-52 Nansen, 248-49, 
253 , 255 
natural language utterances as programs, 
629 natural numbers : defined, 54, 204; 
generalized; 
453-56; postulates for, 2 16- 1 7 ;  see also 
number 
theory, numerals ,  TNT, prime numbers , 
etc. near misses, see "almost" -situations 
nearly decomposable systems, 303-6 
negation, 70, 7 1 ,  1 83 ,  1 9 1 -92, 2 10- 1 1 , 2 14, 
545 negative space, 62-63 , 66-68, 72; see 
also figure and ground 
nested movies, 1 84-85 
nested works of art, 1 5 ,  106, 700- 1 ,  705-6 
nesting, 127 ,  1 38-4 1 ,  1 84-85 , 660; see also 
recursion 
neural networks, see symbols Neuroneater, 
382 
neurons : compared with ants, 3 1 5 ,  325, 
339-40; 
described, 339-40; Eudid's ,  60; faultless 
func 
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tioning of, 575-77 ; firing of, 83 ,  340, 3 16, 
343-45 , 347, 350, 357; as an inviolate 
level, 302, 677, 686, 69 1 -92, see also 
inaccessibility; not controllable 
consciously, 302, see also inaccessibility; 
on-center and off-center, 343-44 ; in 
retina, 343-44 ; simple, complex, 
hypercomplex, -
neurons (continued) 
344-45 , 346, 347 ; as summing inputs, 3 16, 
340, 575-77 , 677 
neurosurgery, 309, 3 1 3- 14, 6 1 8 . 678 New 
Yorker, The, 64 1 -42 
nickelodeon, 500; see also jukeboxes nodes 
and links, 370-7 1 ,  652-54 noise in vacuum, 
82 

nuclei: atomic, 303-4; cellular, 5 14, 5 17 ,  
5 1 8  
nudeotides ,  5 14- 17 ,  5 19,  522-24, 530, 540-
4 1 ;  first letters of, 23 1 ,  5 17 ,  666 
number theory: applications of, 278-29 ; 
core of, 100, 407 ; Crab and, 55 1 -58 ,  560, 
562, 573-74, 579-8 1 ;  demise of, 228-29, 
426 ; formalized, see TNT; informal (N), 
54-660, 204, 228 ; nonstandard, 100, 452-
59; primitive notions of, 204-9 ; as scaled
off mini-world, 569 ; soothing powers of, 
39 1 -404; "true" version of, 458-59; typical 
sentences of, 204-5 ;  typographical, see 
TNT; as universal mirror of formal 
systems, 260-65 , 270; used and mentioned, 
458 

nondivisibility, 73-74 
nonequilibrium thermodynamics, 

numbers , nature of, 54-58,  452, 458 
693 numerals ,  205-6, 2 1 3 ;  vs.  numbers , 264 

N oneudid, 9 1 -92 
nonexistence, 254-55 ,  698, 725 ; see also 
Tumbolia nonproducible numbers , 265 
nonprogrammability : of creativity, 570-7 1 ,  
620, 673 ; of emotions and will, 677 , 684-
86; of Godelization, 472-76; of 
intelligence, 26-27 , 47 1 -73 , 597-99, 601 ;  of 
irrationality, 575-77 ; of jumping out of the 
system, 37-38,  477-78, 674-75 ;  of ordinal 
names, 476; of soul, 574-75 ;  of world 
chess champion, 1 5 1 -52, 674 ; see also 
people vs. machines ,  essential 
incompleteness,  Todeization, paradox of 
AI, TC-battles ,  2-D vs. 3 -D, etc. 
non-self-assembling viruses, 542-43 non-
self-descriptive adjectives, 
heterological adjectives 

see 

nonsense: based on sense, 378-79; 
computer-generated, 620, 62 1 -22, 625-26 ; 
human-generated, 62 1 -22 
nontermination, 408, 425-30; see also 
potentially endless searches, Hoop 

object language, 22, 1 84, 248 
objectivity, quest after, 479, 693-96 
Oborin, Lev, 162 
octopus cell, 345 
Oin, Eta, see Eta Oin 
Oistrakh, David, 162 
Okanisama, 232, 234, 237 ,  238,  239, 24 1 ,  
242 Old Ba. Ch. ,  726 
Old Bach, 4, 28, 460, 48 1 -83 , 738,  739 ca
consistency, 459; see also or-inconsistency 
cs-incompleteness,  22 1 -22, 42 1 ,  450-5 1 co
inconsistency, 17 ,  223 , 453-55,  458-59 1 -D 
vs. 3 -D, 5 1 9-2 1 ,  6 1 6- 1 7  
open-ended searches, see potentially 
endless 
searches,  nontermination, unpredictable but 
guaranteed termination, loops, free, FlooP, 
etc. operating systems, 295-96, 300-3 1 ,  308 
operators and operons,  544-45 oracles ,  567 
orchard analogy, see information, depth 
from surface order and chaos :  in ant 

nontheorems, see theorems vs. colonies ,  3 16- 17 ;  in number theory, 393,  
nontheorems normal science, 660-6 1 
nouns, most common in English, 630 
novelty, and jumping out of the system, 
475 
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395, 398-402, 406. 408-9, 4 1 8 ;  
self-awareness and, 406 
Order and Chaos (Escher) , 399 ordinals, 
462-64, 475-76 organ point. 329-30 origin 
of life, 548 
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original (as opposed to copies), 504 
originality and machines ,  25-26, 606-9 
ORNATE NOUN, 1 3 1 -33  outcome, 1 84 
outer messages ,  166-7 1 ,  1 74-76, 50 1 , 524, 
704 OUTPUT (BlooP), 4 10, 4 1 1 
overlapping genes, 524-25 
overview capacity, 6 13 - 14 ,  678 ;  see also 
jumping out of the system 
P-system, 64, 73-74 
padding, 402-3 
pages ,  in computers, 289 
palindromes,  in molecular biology, 20 1 ,  
667 Palindromi, 353-54, 634-37,  643 , 644 
Pappus,  606-7 
paradigm shifts, 660-6 1 
paradox: of AI, 19 ,  26-27 , 620, 673 ,  see 
also Tesler's Theorem; in an, see Escher, 
Magritte, 
Cage; of credibility through fallibility, 564; 
of God and the stone, 478 ;  in mathematics, 
17-24, 580-8 1 ;  of motion, see Zeno's 
paradoxes;  near misses, 6 1 2, 69 1 ;  
resolutions of, 1 16, 1 96-97 , 
245 , see also MU, Tumbolia, jumping out 
of the system; of self-consciousness, 389;  
of the Typeless Wish, 1 1 5 - 16 ;  in Zen, 249-
55 ;  see also contradictions, inconsistency 
parallel postulate, see fifth postulate 
PARRY, 300-301 ,  599-600, 677 
parsing of natural languages, 588-93 , 630-
32; see also grammar, language 
partial recursivity, 430 
particles ,  elementary, 54, 140-46, 258, 303-
5 , 309,522 
partitions , mental, 67 1 
parts, 303-5 ;  see also reductionism Pascal, 
Blaise, 24, 25 , 600 
pathways:  in ATN's and RTN's, 1 3 1 -34, 
1 50;  
chemical, 528-29, 544-45 , 663-64 ; 
conditional on circumstances, 383-84; 
goal-oriented choice of, 227 , 609- 1 5 ;  as 
incorporating know ledge, 
beliefs ,  378-79; morphogenetic of T4, 539 ;  
plausible vs. implausible, 383 ;  potential, in 
brain, 28 1 

Index 

pattern recognition, see Bongard problems, 
conceptual skeletons, vision by computers 
patterns on all levels , 674 Peano, Giuseppe, 
20, 2 16- 1 7  Peano arithmetic, 100 Peano 
postulates ,  2 16- 17 ,  224 pearl and oyster, 
17 ,  438 Penfield, Wilder, 342-43 Penrose, 
Roger, 1 5  
people vs. machines ,  25-27 , 36-38,  1 5 1 -52, 
388-90, 47 1 -73 , 475-77, 559-62, 567-75,  
577-79, 595-99, 606-9, 62 1 -23 , 680, 684-
86 peptide bonds, 523 
perception: visual, 97-98;  and Zen, 25 1 
Perfect items, 3 ,  75-79, 85,  406, 424, 486, 
536 perfect numbers , 4 1 6, 4 1 8  
phages, see viruses 
phenotype, see genotype and phenotype 
0( 174, 176, 524-25 
Phonographs, see record players 
phonons, 304 
photocopy machines ,  499 photons, 142-46, 
258 
physics laws of: as basis for choosing 
between rival mathematical theories, 100, 
456-57 ;  as blocking infinite regress, 1 70, 
685 ; as formal system, 53-54;  
inconsistency and, 95-96,  99,  
584-85 ; intuitive, 362-63 , 7 1 1 ;  levels and, 
303-5 ,  307-8,  693 ; no escape from, 477, 
575 ; 
Reductionist s Dilemma and, 522, 709 ; 
underlying consciousness, 575,  685, 7 1 0  
IT, 277 , 306, 408, 4 1 5 , 42 1 , 546, 568, 605 , 
673 ,  
728 
piano postulates ,  552-53 
pianos,  3 -4, 302, 305 , 633-34, 700, 726 ; 
inverted, 68 1 -83 
Pickruick papers, The (Dickens), 24. 326, 
595, 598 pinball machine, 307 
pipe Dream, 703 
pipes, 480-82, 486, 488, 493-94, 52 1 ,  638,  
70 1 -3 planets and satellites ,  353-54 
PLANNER, 629-32 
plurals, 354 
pocket calculators , 568-70, 6 1 6, 678, 7 1 0  
pointers in computers , 289-90, 6 1 9  
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points (geometrical) , 1 9-20, 90, 92-93 ,  100, 
207 , 
222, 452, 456 
Polanyi, Michael, 574 polarons, 304-5 
polypeptides ,  523 , 525 , 528 polyribosomes,  
526-28 
Pons Asinorum proof, 606-7, 669 Pool B ,  
4 18  
Pool F ,  427 
popcorn, 104, 124-25 popping, 127-35 ,  
1 84-85 popping-tonic, 105-6, 1 16- 17 ,  125 
porridge, 43 1 
ports of access,  670-7 1 Post, Emd, 33 
post-ending endings,  392 ,  403 postal 
system metaphor, 663 
postulates of geometry, 90-9 1 ,  92-93 ,  407 
potentially endless searches,  396, 400-402, 
425 , 
400-401 , 444, 582-83 
pq-system: completeness and consistency 
of, 10 1 ; 
decision procedure for, 47-49 ; expressive 
weak 
ness of, 10  1 ,  22 1 -22, 407 , 4 1 7 ;  horse-apple 
happy interpretation of, 5 1 ,  88,  2 1 5 ;  isomor 
phisms and, 49-53 ,  1 58, 625 ; modified, 87-
88, 
92-93 ,  102;  surprise interpretation of, 52-
53 ,  
94 
predicate calMus,  609 
predicates ,  number-theoretical, 208-9 
predictable termination, 400, 407 , 409- 1 8, 
420, 
44 1 ,  582; see also unpredictable but 
guaranteed 
termination, terminators 
Prelude, 337 ,  383 , 460, 686, 737,  739 
preludes and fugues, 280-84, 335; see also 
fugues, Well-Tempered Clavier 
premise, 1 84 
Preprocessing, 647 , 650, 659 President v. 
Supreme Court, 692 
primary structure : of proteins, 5 19-22; of ty 
poenzymes, 5 1 1 , 5 1 2  
prime numbers , 58-59, 64-67 , 72-74, 149,  
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2 1 1 - 12, 4 1 3 ,  55 1 -58 ,  6 1 5 ;  differences of, 
393,  395-98, 400, 4 16 ;  sums of, 393-96, 
400, 4 14  
primitive recursive truths ,  407 
primitive recursivity, 406, 407 , 4 14-20, 
422, 424, 429-30, 440, 44 1 , 444, 45 1 , 466, 
472 
Principus Mathematiaa, 1 8- 1 9 ,- 2 1 ,  23-24, 
228, 6 1 8- 1 9  
Print Gallery (Escher) , 1 5 , 7 14- 17  
printer of  computer, 30 1 ,  307 
problem reduction, 609- 1 3 ;  self-applied, 
6 1 3  
problem spaces ,  representation of, 6 1 1 - 1 3  
procedures, 1 32-34, 1 50-5 1 ,  292, 4 10- 1 5 ,  
4 1 8-20, 424-28 ; chains of, 4 13 - 14 ,  4 1 5 ,  
4 1 8  
processors (computers) ,  504, 5 1 3 ,  547 ; see 
also. central processing unit 
producible numbers , 264-65, 269-70 
program space, 299 
programs : in Analytical Engine, 25 ; in 
BlooP and FlooP, 4 10- 1 5 ,  424-26 ; Blue, 
Green, Red, see Blue, Green, Red 
programs ; chess-playing, see chess 
programs ; constructed by programs, 589, 
629-32, 664 ; as data, 293 , 692; for 
determining enzyme function, 521 -22; for 
determining phenotype, 532; for 
determining tertiary structure, 521 -22; 
families of, 503 , 546 ; for generating 
theorems, 47 1 -73 ,  578,  6 1 5 ,  6 1 7- 1 8 ;  high
level comparison of, 380-8 1 ;  for naming 
ordinals, 476; recursive structure of, 149-
50; secondorder, third-order, etc . ,  476; self
modifying, 1 52, 692; self-reproducing, 
498-504, 547 ; for translating programs, 
29 1 -94; vs.  data, 499, 5 1 3 ,  53 1 ,  546-48,  
6 1 6- 17 ,  630,  see also use vs. mention; vs.  
programmers, 306, 734-37 ;  see also 
computers, computer languages, AI 
programs, etc . 
Prokofiev, Sergei, 1 50 
pronoun reference, 587, 59 1 ,  592 
proof-pairs, 4 1 6, 438-43 , 446-47 , 450-5 1 ,  
452-54, 466, 468, 469 
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proofs : nature of, 1 8-24, 58-60, 88-93 , 1 92-
97, 227-28, 458-59, 578,  707-8;  as never 
absolute, 1 9 1 -94; of proofs ,  1 92-93 ; vs.  
derivations , 35, 193, 1 94-95 
prophase, 665-666 
Propositional Calculus, 1 8 1 -97 ; embedded 
in TNT, 195 ,  1 97 ,  207 , 2 15 - 17 ;  as an 
epiphenomenon, 578;  interpretations of 
symbols of, 1 86, 1 89,  1 9 1 -92; rules of 
inference, justified, 1 88-89; rules of 
inference, presented, 1 8 1 -87 ; rules of 
inference, table of, 1 87 ;  streamlined, 193-
94 ;  variants of, 195 ;  ways to  improve, 193-
94 ;  196-97 ; weaknesses of, 1 95-97, 578;  
well-formedness in, 1 8 1 -83 
proteins ,  5 17- 1 8 , 544-45 ; as procedural 
knowledge, 6 16- 17 ;  as programs, data, 
interpreters , processors , 547 ; see also 
enzymes 
prototype principle, 352 
provability, 1 8 , 10 1  
Prudence and Imprudence, 1 9 1 -92, 229 
pruning, explicit vs. implicit, 286 
pseudo-epigenesis, 53 1 -32 
psychic powers , 693 ; see also ESP 
Ptolemy V Epiphanes,  165 
Puddle (Escher) , 256 
pulling-out (mechanisms), see decoding 
(mechanisms) 
punctuation, 33 ,  268, 440, 5 10, 5 12, 520, 
524-25 
purities, 506-7, 5 14, 5 16, 534;  see also 
nudeotides ,  bases, base-pairing 
purposeful vs.  purposeless behavior, 320-
22 
pushcom, 124-25 
pushing, 127-34, 1 84-85 
pushing-potion, 105-6 
Pushkin, Alexander, 124 
puzzles .  8, 33-35 ,  62-63 , 67, 73 ,  1 37 ,  1 82, 
2 12, 
2 15 , 220, 401 , 4 15 - 17 , 425 , 442-43 , 444, 
5 1 2- 1 3 , 564-565 , 609, 62 1 -23 , 646-60, 689 
pyramidal family of theorems, 22 1 -25 , 
450-53 pyrimidines ,  506-7, 5 14, 5 16, 534:  
see also nu 
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c1eotides ,  bases, base-pairing Pythagoras , 
4 1 8, 556-57 

Q(n) , 1 37-38,  1 52, 265 , 409 
quantifiers, 207-9, 2 10, 2 1 1 - 12. 2 14, 2 17-
19  quantum mechanics, 19 ,  54. 140-46, 
350, 455,  
457, 699 ; see also partides 
Quantz, Joachim, 4 quarks, 304, 305 , 350 
quasi-isomorphisms, see isomorphisms, 
fluid quatemarv structure, 525 Questions 
and Speculations, 676-80 
Quine, Willard Van Orman, 435 ,  446, 449, 
699 quining, 43 1 -37 ,  445 , 446, 449, 497-
99, 53 1 QUIT (BlooP), 4 1 2  
quotation, 426, 43 1 ,  433-37,  496-97, 702, 
738 quotation marks, 33 ,  434, 498, 499, 
702 

Rachmaninoff, Sergei, 1 50 
RACRECIR, 738 
radio broadcasts, 128,  163 ,  169,  353 ,  478,  
545 , 720 Ramanujan, Srinivasa, 562-66, 
6 14  randomness, 408-9, 620, 673 ,  7 1 2  
rational and irrational numbers , 140-42, 
4 1 8, 452, 
556-57 
rational vs.  irrational, in human head, 575-
77 rats in mazes,  342 
Rauschenberg, Robert, 703 
r.e. sets, see recursively enumerable sets 
reading frame shift, 1 54, 525 reality, nature 
of, 409 
rearrangement of parts, 78,  333-35 ,  484; 
see also self-assembly 
reasoning about formal systems, 38-39, 66, 
260-72, 438-52, 465-7 1 , 579-8 1 
reasoning by programs, 569-70, 577-78, 
586-93 , 
606-7, 609- 1 1 , 6 14- 1 5 ,  6 1 8- 19,  628-32 
recognition: molecular, 540-4 1 ;  visual, 
346-48, 
646-62; vs.  production, 648-49 
recognizable forms, 68 
recombination, 657, 665-69 
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record players : alien-rejecting, 487-88;  
EpsilonZero, 486; family of, in Crab's 
jukebox, 1 54-57 ;  Grand Self-assembling, 
see record player Epsilon-Zero ; as 
information-revealers, 1 58-6 1 ,  164 ;  
intrinsic vulnerability of, 75-78, 102, 424, 
470, 483-86, 536, 543 , 584, 72 1 ,  see also 
Tbdelization, TC-battles ,  etc. ; likened to 
formal systems, 84, 85 ; low-fidelity, 77, 
85,  1 0 1 , 406-7, 470; Omega, 78,  468, 483-
84 ; Numbers 1, 2 . . .  etc . ,  76-77 ; Tortoise
chomping, 483 , 487-88;  two-channel 
monaural, 634, 669 ; see also jukeboxes 
records : defective, 102, as information
bearers , 1 58,  160-6 1 ,  164 ;  as labyrinths ,  
120-24 ; with multiple melodies ,  1 54-57 ;  as 
phonographbreakers, 75-78, 83-85,  27 1 ,  
406-7, 424, 469, 484, 486, 536, 543 , 584; 
smashed, information in, 1 6 1 ; in space, 
162-64, 1 72, 1 74-75 ;  of WellTempered 
Clavier given to Crab, 275 ,  278-80 
records and record players , likened to 
cellular constituents and cells, 83, 1 58-64, 
167 , 175 , 536 
recursion: avoidance of infinite regress in, 
127 ,  1 34-35 ;  avoidance of paradox in, 127 ;  
defined, 127-29, 1 3 1 -35 ;  elementary 
particles and, 142-46 ; fantasy rule and, 
1 84-85 ; in game-playing programs, 1 50-5 1 ,  
604-5 ; indirect, 1 34, 137 ;  in language. 1 30-
34, 588,  59 1 ,  592; in music, 1 2 1 -23 , 129-
30; and unpredictability, 1 52;  see also 
nesting, levels, distinct vs.  similar, level 
confusion, etc . 
recursive acronyms, 1 1 3 ,  1 33 ,  1 34-35 ,  738,  
742 recursive diagrams, 1 35-37 recursive 
figures ,  67-70. 72, 73 recursive formula, of 
thinking, 560 
recursive functions, 136-40, 1 52, 430, 455 ;  
see also 
genera] recursivity, primitive recursivity. 
BlooP, 
HooP 
recursive graphs .  1 38-43 recursive 
sequences, 1 35-38,  139  recursive sets, 72-
74, 1 52, 1 9 1  
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recursive structure of ideas, 386-87, 560, 
62 1 ,  
644-45 , 650, 656-57 , 669 . 67 1 -72 
Recursive Transition Networks, 1 3 1 -34, 
1 36, 145, 
1 50, 620-2 1 
recursively enumerable sets, 72-74, 1 52, 
1 9 1 , 265 , 
269 
recursively related notation-systems, 475 
Red Programs, 427-28 Reddiag [NJ, 428, 
429 redness,  subjective and objective, 7 1 0  
reductionism: defined, 3 12;  proteins and, 
520-22; 
see also holism vs- reductionism, sealing
off Reductionist's Dilemma, 522, 709 
reentrant code, 387 
refrigerators, see record players , low 
fidelity registers , in computers, 289 
relativity, 19 ,  96, 100, 680 Relativity 
(Escher) , 97-98 relevant implication, 197 
renormalization, 142-46, 258,  304-5,  309 
repeatability, see Godelization, 
Todelization, diag 
onal method, Escherization, TC-batteries, 
answer-schemers 
representability, 407 , 4 1 7- 1 8 , 430, 44 1 ,  
443 , 444, 
45 1 , 466, 468, 579-80 
representation of knowledge:  in All, 569, 
6 1 5-2 1 , 626-32, 64 1 -59, 664-65 , 668-72; in 
brains ,  see symbols , localization 
repressors , 544-45 Reptiles (Escher) , 1 16-
17  
Requirement of  Formality, 33 ,  52, 65 
retrogression, 8-9, 8 1 ,  146, 200, 208,  500-
501 , 549, 666-68, 723-25 , 737-38 
return addresses, 128,  133 revelation, 160-
6 1 ,  175 ribo, some, 236 
ribonucleic acid, see mRNA, rRNA, tRNA 
ribosomal RNA, see rRNA 
ribosomes:  as models for AI, 662, 663 ; 
molecular 
canons and, 527-28 ; need for in DNA's self 
rep, 530; origin of, 528, 548; as self
assembling 
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objects ,  485-86, 542; structure of, 528; as 
translators of Genetic Code, 485, 5 1 8- 19,  
522-25 , 547 ; in Typogenetics, 5 1 2  ricercar, 
defined, 7 RICERCAR (E) , 7, 727-42 
Ripplad Surface (Escher) , 256-57 RNA, 
see mRNA, rRNA, tRNA RNA 
polymerise, 527, 530, 544 robot in T-maze, 
7 1 1 - 1 3  Rogers , Hartley ropes, thin and 
thick, 229-30 
Rose, Steven, 342 
Rosetta stone, 165 ,  166 Rosaak, Theodore, 
574 Rousseau, Henri, 680 
Royal Theme, 4- 10,  96, 7 19 .  739-40 
rRNA, 528 
RTN's, see Recursive Transition Networks 
rule-less systems, 598, 685 ; see also formal 
vs. in formal systems 
rules :  arithmetical vs.  typographical, 262-
64. 269 ; 
flattened into strings ,  see theorems vs. 
rules ;  intelligence and, 26-27 , 559, see also 
brains and formal systems 
rules of inference: of C-system, 65 ; 
compared with enzymes,  509- 10,  5 1 3 ,  53 1 ;  
defined, 34-35 ;  
derived, 193-94; of  MIU-system, 34 ,  260; 
of P system. 74; of pq-system, 47 ; 
proposed, 66, 22 1 ;  
of Propositional Calculus, 1 87 ;  recursive 
enumerability and, 1 52;  run backwards, 48-
49, 1 82;  of 3 1O-system, 263 ; of TNT, 2 15 ,  
2 17-20, 223-25 ; of  tq-system, 65 ; of 
Typogenetics, 
509- 10  
rules of  production, see rules of  inference 
run-of-the-mill sets , 20-21 Russell, 
Bertrand, 1 8-24 Russell 's paradox, 20-2 1 ,  
685 

Saccheri, Girolamo, 9 1 -93 ,  99, 452, 456 
Sagredo, see Salviati, et al 
Salviati, Simplicio, Sagredo, 408-9, 478-
79, 673 , 694 
sameness :  of ASU's, 375 ; of BACH and 
CAGE, 

Index 

1 53-57;  in Bongard world, 650-53 ,  657, 
660, 
664 ; of butterflies ,  147 ,  369; of demi
doublets ,  
669 ; elusiveness of, 146 19 ;  of Escher 
drawings, 
147;  of human and machine intelligence, 
337 ,  
379, 679-80; of human minds, 341 -42, 
369-72, 
375-77, 382;  intensionality and, 338 ;  mech 
anisms underlying perception of abstract, 
646-62, 665-69, 67 1 -72; overlooked, 6 14, 
674 ; of programs, 380-82; in self-refs and 
self-reps ,  
500-4 ; of semantic networks, 37 1 ;  of 
translations between languages, 372, 379-
80; universality of intelligence and, 1 58,  
50 1 ;  vs.  differentness , 1 53-57;  visual, 344-
48, 662; see also copies ,  isomorphisms, 
conceptual mapping sameness-detectors , 
see Sams Sams, 650-53 ,  657, 664 
Samuel, Arthur, 604-5 , 684-86 
Samuel's argument, pro and con, 684-86 
San Francisco Chronicle example, 35 1 
sand castles ,  725-26 
sanity vs. insanity, 1 92, 696 satellite
symbols , see splitting-off satoti, see 
enlightenment scale, cyclic, see Shepard 
tones Schmidt, Johann Michael, 27 
Schnirelmann, Lev G. ,  394 Schdnberg, 
Arnold, 125 Schrodinger, Erwin, 167 
Schweikart, F. K. , 92 
science: and Bongard problems, 659-6 1 ;  
self-applied, 699 
Scott, Robert, 366 
scripts ,  collage of, 168-69 sealingoff, 305 , 
309, 350, 534 secondary structure, 52 1 ,  
525 
self, nature of, 3 16- 17 ,  327-28, 384-85 , 
387-88, 695-96, 709- 14  
self-assembly, spontaneous,  485-86, 542-
43 
self-awareness, 406, 479, 573 
self-descriptive adjectives ,  see autological 
adjectives self-engulfing, 489-94 ; failed; 
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490, 492; total, 493 self-knowledge, 
possibility of, 696-98, 706 self-modifying 
games, 687-88 self-monitoring, 328, 385,-
387-88, 697 , 7 1 3  self-perception, 695-98; 
vs. self-transcendence, 478 
self-programmed objects ,  685-86, 69 1 -92 
self-proving sentences, 542-43 self-quoting 
sentence, 426, 496-97 
self-reference: Bach and, 86; banning, 2 1 -
23 ; as cause of essential incompleteness,  
465 , 470-7 1 ;  
focusing of, 438,  443 , 445-48 ; Gddelian, 
17- 1 8 , 27 1 ,  447-49, 497, 502, 533 ,  667 , 
738 ;  indirect, 2 1 ,  85,  204, 436-37 ,  502, 
667 , 738-39;  many leveled. 742; near miss ,  
437 ;  Quine method, 
43 1 -37 ,  445-46, 449, 497-99, 53 1 ;  by 
translation, 502 
self-reference and self-replication, 
compared, 530, 533-34, 54 1 -43 
self-referential sentences, 435-37,  477, 
495-99, 501 
self-rep : by augmentation, 503 ; canons and, 
50 1 ,  503 ; differentiating, 546; epigenesis 
and, 160;  by error message, 503 ; inexact, 
500-503 , 546; by retrograde motion, 500-
501 ;  by translation, 50 1 ;  trivial, 499 ; 
typogenetical, 5 12- 1 3  self-snuffing, 70 1 -2 
self-swallowing sets , 20 
self-symbol, 385 ,  387-88, 709 ; free will 
and, 7 10- 14 ;  inevitability of, 388 
self-transcendence, 477 -78 ,  479 self
unawareness,  irony of, 328, 330, 33 1 ,  630 
semantic classes, 62 1 ,  630 
semantic networks, 370-72; see also 
concept network 
semi-interpretations , 1 89,  1 96 
semiformal systems, 2 16 ;  see also 
geometry, Euclidean 
senseless loops, 679 sentences in TNT, 
208-9 Sentences P and Q, 436-37 
sequences of integers , 73, 1 35-39,  173-74, 
408 set theory, 20-23 
sets F and G, 73 
1729, 204-5 , 2 10- 1 1 ,  345, 393,  55 1 ,  564-
855 Shadows,  The (Magritte) ,  480 
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Shakespeare, Wm. , 96, 595,  598, 608, 736 
Shandy Double-Dandy, 6 1 1 shared code, 
387 
Shepard, Roger, 7 17- 19  Shepard tones ,  
7 17- 19  
shielding of  lower levels, see 
inaccessibility SHRDLU, 586-93 , 599, 
627-32, 674 Shuzan, 25 1 
Sierpifiski, W. ,  404 
signals, crisscrossing, 322-23 signature, 
visual, 347-48 Silberescher, Lowen, 394 
Silbermann, Gottfried, 3, 4 silver, 173 
Simon, Herbert A. , 303 , 305 
simple, complex, hypercomplex cells, see 
neurons Simpficio, see Salviati 
simplicity, 1 72, 560, 6 1 5  
simulation: of entire brain, 572-73 ; of 
neural networks, 57 1 -72 
Six-Part Ricercar (Bach) , 4-7, 7 19,  739-42 
skater metaphor, 4 1 2- 1 3  
skeletons (recursion) , 140-4 1 ;  see also 
bottom 4 
skimming off top levels, 309, 325,  326, 
358-59, 568-79 
slinky, 337 
slippage, conceptual, 633-40. 64 1 -44, 654-
56, 
672; see also conceptual mapping Sloth, 
633-40, 643 . 68 1 -83 ,  722 Sloth Canon 
(Bach) , 9, 666, 683 Sloth Canon 
(Dialogue) , 738  
SLOTHs, 684-7 19  
slots, 645 , 650-53,  656-57 ,  668 Smalltalk, 
662 
smart-stupids , 721 -42 
Smoke Signal 67, 702 
SMUT, 6, 80, 1 55-57,  202, 682, 7 1 8, 740 
soap cake, 497 
soft-louds, see pianos 
software and hardware : in brain, 346, 356-
57, 686, 709 ; defined, 301  
soldier ants, 3 1 8  
Sonata for Unaccompanied Achilles ,  502-3 
Sonata for violin and clavier in F minor 
(Bach) , 162 
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Sonatas and partitas for unaccompanied 
violin (Bach), 62, 63 , 70-7 1 ,  257, 502 
song, self-reproducing, 500 
"Song Without Time or Season, A" , 483 
songs, recombinant, 607-8 
sonnets, 596,  608,  736 
soulism, 385 ,  472, 574, 597, 686, 708 
spaces :  abstract, 457 ; of behavior, 306, 
307, 363 , 62 1 ;  of integers , 502 
spare tire, 670 
Sperry, Roger, 7 1 0  
Sphex wasp, 360-6 1 ,  6 1 3 - 1 4  
spiderwebs, 3 7 1 -72, 6 1 7  
splitting-off, 353-54, 664 ; see also classes 
vs.  instances 
stacks, pushdown, 127-35,  1 36, 6 10- 1 1 
starting positions in Art of Zen strings ,  
239-40, 24 1 
State of Grace (Magritte) ,  48 1 
statistical mechanics, see gases 
Sterner, Geo. ,  1 66-67 , 642-43 , 670 Stent, 
Gunther, 5 14 
stomach processes, 572 
strands : of DNA and RNA, 5 14- 1 8 ;  in 
Typogenetics, 508- 1 3 ,  5 14 
Strange Loops :  abolishment of, 2 1 -23 ; with 
Babbage and Turing, 737 ;  in Bach, 10,  
7 19 ;  in Central Dogmap, 534;  
consciousness and, 709- 10 ;  contrasted with 
feedback, 545 , 69 1 ;  defined, 10 ;  in Escher, 
10- 1 5 ,  7 14- 17 ;  in Godel, 1 5 - 17 ,  24 ; in 
government, 692-93 ; in language, 22, 69 1 ;  
in the mind, 27 , 69 1 -92; in molecular 
biology, 23 1 ,  532-34, 545 , 546-48;  in 
Principia Mathematica, 24 ; surprise 
element necessary in, 69 1 ;  in TNT, see 
TNT, introspection of; see also Tangled 
Hierarchies, level-mixing, leve1conflicts, 
level- confusion, etc. 
street nuisances, 25 , 726-27 , 729 
stretto, 3 14, 738 
String Manipulation Rules, 240-42 
strings :  defined, 33-34;  folded, 234-44, 427 
structure vs. function, 522, 670-7 1 ;  see also 
use vs. 
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mention, syntax vs. semantics style, 148,  
37 1 
SUB (TNT-formula) , 444-45 
sub brains , see subsystems 
subdescriptions , etc . 650-5 1 ;  see also 
recursive structure of ideas 
subframes,  etc . ,  644-45 ; see abo recursive 
structure of ideas 
subject vs.  object, 698-99 ; see also 
dualism, use vs. mention, symbol vs. object 
subjunc-TV, 635 1 10 
subjunctive instant replays, see instant 
replays subjunctives, see counterfactuals 
suborganisms, see subsystems subroutines ,  
1 50, 292, 47 1 ,  677 substitution notation in 
TNT, defined, 224 substitution relationship 
(ingredient in Godel's proof), 443-45 , 497 

substrate : of Epimenides sentence, 58 1 ,  
584-85 ; mental, necessity of, for analogical 
thought, 569-7 1 ;  mental, 
noninterpretability of, 570-7 1 ;  mental, 
simulation of, 57 1 -72; of proteins ,  529 
subsystems of brain, 385-88,  725 
subtraction, 52-53 ,  4 1 1 - 1 2  
sufficiently powerful systems, 86, 1 0 1 ,  
406-7, 430, 460, 530 
Suites for unaccompanied cello (Bach) , 70-
7 1  summarizing string, 22 1 -22, 450-5 1 
superconductivity, 304-5 superinielligence, 
679 
supernatural numbers, 223 , 453-56, 458-
59, 467 supernatural proofs ,  454-55 
supertangling, 688 
surrealism, 700 
Sussman, Gerald, 664 
Swieten, Baron Gottfried van, 6-7 
Switcheroo, Q. q. ,  1 87 
symbol-level description of brain, 349-5 1 
symbol vs. object, 699-706; see also 
subject vs.  object, use vs. mention, etc . 
symbols : active vs. passive, 324-25 , 327-
28, 337-38 ;  AI realizations of, 662-63 , 665 ; 
in ant colonies ,  324-28, 330;  borderlines 
between, 354-57, 359-60; as brush strokes,  
35 1 ;  compared with neurons, 350, 37 1 ;  
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compared with ripples ,  356-37 ;  conceptual 
scope of, 350-5 1 ;  dormant, 327, 349, 355-
56, 384 ;  form of, 348 ,  356-57 ,  36 1 ;  free 
will and, 7 1 2- 14 ;  funneling and, 347 ;  of 
insects, 360-6 1 ;  invariant core of, 349 ; 
joint activation of, 35 1 ,  354-56, 359,  36 1 ,  
365,  584-85 , 664-65 , 675 ; message
exchange and, 350, 37 1 ,  662-63 ; modes of 
activation of, 349-57 ,  36 1 ;  need of, for 
originality, 609 ; neural substrate of, 356-
57,  570; no access to substrate by, see 
inaccessibility; overcrowding of, 358 ;  
overlap of, 348-49, 356-57 ; potential, 355-
56 ,  382-84 ; universal, 375-76; vs .  neurons, 
348, 356-57, 36 1 ;  vs.  signals, 325-27, 349-
50 
synapses, 339 
syntax vs. semantics, 626-27 , 630-32, 676; 
see also form, syntactic vs.  semantic 
system, boundaries of, 37-38 ;  see also 
jumping out of the system 
System crash, 1 16 
systems, reliable vs. unreliable, 307 

T (Tarski's formula) , 580-8 1 
't'-concept, 'h'-concept, 'c -concept, 326 T
even phages, 540, 542 T-level, see tangled 
level table of nontheorems, 66 Tagore, 
Rabindranath, 169 
Tangled Hierarchies :  in art, 704; defined, 
10 ;  of 
genetics ,  532-34, 546-48, 688; of meta 
mathematics, 458, 532-34; of mind, 69 1 -
92, 709- 10,  7 19 ;  near miss ,  69 1 ;  in 
Propositional 
Calculus, 1 94 ;  of self-modifying chess, 
688; of 

IrC_battles, 75-78, 406-7, 424, 467-70, 
478, 483-88, 536-4 1 , 72 1 
tea. 1 53-54, 23 1 ,  275 ,  322-23 , 333 ,  549, 
557, 558, 561  
teleological vs .  evolutionary viewpoint, 
320-22 telephone calls, 6 1 -63 , 127-28. 1 6 1 ; 
obscene, 43 1 , 437 
telephone systems, 296, 663 telephones,  
302 
television, 285 , 348, 478, 484, 487-93 , 
634-40 telophase, 667-68 
templates : for Bongard problems, 650-53 ,  
656-57 ;  vs.  instructions, see instructions vs .  
tern 
plates ,  programs vs. data 
tension and resolution, 1 2 1 -23 , 129-30, 227 
tentativity, 646, 65 1 ,  654-56, 672 
termination tester, 425-29 terminators 
(FlooP), 425-29 terms (TNT), 206-7, 2 1 3 ,  
2 14  
tertiary structure : of  proteins ,  5 19-22, 525-
27 ; of 
tRNA, 524;  of typoenzymes, 5 10- 1 1 ,  5 12, 
5 1 9  Tesler, Lawrence G., 60 1 
Tesler's Theorem, 60 1 ,  623 ; see also 
paradox of AI, jumping out of the system, 
essential in completeness 
tesselations, 68, 69, 1 98, 667 
tests vs. functions in BlooP and FlooP, 4 1 3 ,  
4 1 8  text-handling by computers , 3 0 1  T4 
phage, 537-4 1 
"the" 586, 629-30 
theorem-numbers , 264-67 , 269-70, 440-43 , 
45 1 theorem-proving, mechanical, 602, 
609, 6 1 7  - 1 9  theorems : defined, 35 ;  
systematic enumeration of, 
39-40, 48, 47 1 -73 ,  578,  6 1 5 ,  6 1 7- 1 8 ;  vs.  

Tortoises reasoning, 1 77-80; of non 
Typogenetics, 
5 1 3 , 688 
tangled level, 688 Tanguy, Yves,  700 
tape recorders , 485, 5 19 ,  523 , 525-28 
Tarski, Alfred, 579-8 1 Tarski-Church
Turing Theorem. 56 1 ,  58 1  Tarski's  
Theorem, 579, 580-8 1 ,  584-85,  697 Taube, 
Mortimer, 574 Taurinus,  F. .4 . ,  92 
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theorems, 39-4 1 ,  66-67 , 70, 7 1 -73 ,  1 90-9 1 ,  
4 16- 17 , 560, 579-80; vs.  rules ,  43-45 , 193-
94, 
509- 10 ;  vs.  Theorems, 35, 1 93 ;  vs.  truths, 
49-54, 70-7 1 , 86- 102, 190-97 , 2 1 3 , 22 1 -23 , 
228-30, see also consistency, completeness,  
Godel's Theorem, consequences of 
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Theseus and Ariadne, 1 30 thinking, speed 
of, 679 
30, as possible MID-number, 265-67 "this 
sentence" ,  436, 495-98, 499 thought, 
substrate of, 559 
3n+ 1 problem, 400-2;  see also wondrous 
and un wondrous numbers 
Three Spheres If (Escher) , 258 3 1O-system, 
26 1 -67 
Three Worlds (Escher) , 247 , 256 thymine, 
see nucleotides tilde, 1 83 ,  1 9 1 -92, 554 
timesharing, 296, 354-55 ,  387,  730 
TNT, 204-30; absolute geometry and, 45 1 -
52; austere, 2 1 1 ,  2 14, 2 16, 268, 442, 534;  
axioms of, 
2 15 - 17 ,  222-23 ; as code, 265-67 ; 
consistency of, 229-30, 449-50; extended, 
axioms of, 45 1 -52, 466-68 ; extensions of, 
45 1 -59, 465-68 ; FIGURE-FIGURE figure 
and, 70; as general metalanguage, 265-67 ; 
goals of, 60; incompleteness of, see 
incompleteness ;  introspection of, 17 ,  1 94, 
267-72, 406, 438, 443 , 449-50, 698, 707-8;  
as its own metalanguage, 267-72, 44 1 -46, 
5 14 ;  plight of, pigorial version, 7 1 ;  relaxed, 
228 ; rules of formation, table of, 2 13 - 14 ;  
rules of  inference, 215 ,  2 17- 1 5 ;  sixth 
axiom of, 222-23 , 45 1 -55 ,  459, 465-68 ; 
well-formedness in, 205- 1 5  
TNT -derivations compared with machine 
language, 29 1 
TNT -level, explanations on, 708 
TNT -numbers , 269-70; see also theorem
numbers 
TNT + G, 465-67 , 47 1 
TNT + G + G', etc . ,  467-7 1 
TNT + -G, 467 
tobacco mosaic virus, 484-85,  542, 543 
Todelization, repeatability of, 76-78,  424, 
467 -70, 483-86; see also Godelization, 
essential incompleteness,  answer schemas, 
etc . 
Todel's Theorem, 486, 536 
Tokusan, 1 89-90 
tonic, musical, 1 2 1 -23 , 129-30 
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Tortoise: answer-schemas and, 475 ; Carroll 
paradox and, 46, 193 ,  684-85,  693 ; Crab 
Canon and, 204, 666-67 ; degenerate 
solution by, 669 ; Diophantine equations 
and, 4590; as harpsichord, 502; initial letter 
of, 23 1 ,  507 , 667 ; mentioned, 102, 1 70, 
267 ; origin of, 28-29 ; picture of, 42; 
recursion and, 128-30; 149; use of words 
by, 1 8 1 ;  vs.  Crab, 84-86, 27 1 ,  406, 424, 
467-69, 540, 543 ; Zen string made by, 272; 
in ZET cycle, 94-95 
Tortoise-pairs , 4 1 6, 44 1 ,  448 ;  compared 
with proof-pairs, 44 1 ,  448 
Tortoise property, 395-97, 4 1 5 - 1 8 , 425 , 
426, 44 1 , 448 
Tortoise's love song, 435-36 
Tortoise's method, see Todelization 
T6zan, 190, 255, 257, 479 
tq-system, 64-67 
transcendentalism, 704 
transcription: DNA to mRNA, 5 17 ,  524, 
527-28, 530, 533 ,  536, 538 ,  540-4 1 ,  544-
45 ; DNA to tRNA, 425 ; koans to 
messengers , 235-36, 238,  239, 242 ; letters 
to notes, 83 ; prevention of, 544-45 
transfer RNA, see tRNA 
translation: between computer languages, 
192-95,  297-98, 306, 380-8 1 ,  547, 632; 
between levels of a brain, 349, 3 8 1 -84, 
709 ; between natural languages, difficulties 
of, 372-73 ,  379-80; between TNT and 
meta-TNT, 267-72, 44 1 -46, 709 ; of Crime 
and Punishment, 379-80. ; English to TNT, 
209- 1 3 ,  2 15 ,  4 1 7 ;  of "Jabberwocky" ,  372-
73, 379; levels of fidelity in, 379-80; 
mechanical, 380, 60 1 ,  603 ; of messengers 
into strings, 234-36 ;  mRNA to proteins, 
485 , 5 1 8- 19,  522-25 , 527-28, 53 1 -36, 538 ,  
545 , 546-48;  from N to Meta-TNT, 533 ; 
from score to sounds, 83 ; in Typogenetics ,  
509- 10, 5 12- 1 3  
transparency to user, 629, 632 
trees : look-ahead, see look-ahead trees ; 
recursive diagrams, 40

" 
7 1 ,  1 35-37 ;  of 

theorems, 40, 7 1  
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triggering patterns of symbols : dependence 
on meaningless lower levels , 569 ; 
isomorphism between minds and, 369, 376; 
isomorphism between physical law and, 
362; as key to meaning, 325 ,  327, 350, 
360, 385, 609 ; mediated by mes-
triggering patterns of symbols (continued) 
sages, 350, 37 1 ;  for melodies, 364; nouns 
vs. verbs, 36 1 ;  randomness in, 673 
triggers : DNA as, 160-6 1 ;  dormant 
symbols and, 28 1 ,  383 ,  384 ;  frame 
messages and, 162;  jukeboxes and, 160-6 1 ,  
1 70-7 1 ,  1 74, 500; koans as , 246 ; music 
and, 162-63 , 28 1 , 383 , 583 ; outer messages 
and, 166, 169,  1 70-7 1 ,  1 74, 501 
Trio Sonata from the Musical Offering 
(Bach) , 7-8, 720, 724, 726 
Tripitaka, 257 
trip-lets, cover, xiv, 1 ,  28, 273 tRNA, 522-
24, 547, 548 
Trojan Horse, 538 
truth: capturability by symbol 
manipulation, 53-60; elusiveness of, 694-
95 ; inexpressible in TNT, 580-8 1 ;  not fully 
mirrorable in brain, 584-85 ; vs.  beauty, 
554-58,  584; vs.  commercials, 478 ;  vs. 
falsity, 70, 7 1 ,  2 1 3 ,  228-29, 4 17 ,  56 1 ,  579-
8 1  
TTortoise, see ATTACCA 
tuba, flaming, 488-89, 492, 735 
Tumbolia, 1 16, 243 , 255 .  725 ; lavers of, 
243 tuning an AI program, 678-79 
Turing, Alan M., 26, 389,  425-26, 428-29 . 
594-99, 734-42; objections to AI, 597-99 
Turing, Sara, 595 
Turing machines ,  390, 594, 735 
Turing test, 595-99, 600, 677-78,  735-37;  
arithmetic error in, 596; miniature, 62 1 -23 ; 
proposed revisions in, 600 
Turtle's  Theorem, see Todefs Theorem 2, 
as concept, 678 
2-D vs. 3 -D: in Escher, 57-58, 105-6, 125,  
473-7 4, 524,  689-90, 698,  7 14- 16 ;  in 
Magritte, 480-8 1 ,  493-94, 700- 1 ,  705-6; 
television screens and, 488-93 , 737; trip
lets and, see triplets 

Index 

Two Mysteries, The (Magritte) , 70 1 -2 
Two-Part Invention, 28, 43-45 , 684-86; see 
also Carroll paradox, Lewis Carroll 2 + 2 = 

5 ,576 
typeface metaphor, 54 1 
Typeless Wishes, 1 1 1 - 1 5 ,  6 10- 1 1 types, 
theory of, 2 1 -23 
typesetting machine, 608 
typoenzymes,  505- 1 3 ;  binding-preferences 
of, 505-6, 5 1 1 - 1 2  
Typogenctic Code, 5 10, 5 12, 5 1 3 ,  5 1 9  
Typogenetics, 504- 1 3 ,  5 14, 5 19,  520, 529 ;  
con 
trasted with MIV-system, 509- 10,  5 14 
Typographical Number Theory, see TNT 
typographical operations , defined, 64 
typos, 404 

V, as nontheorem of MIV-system, 36, 39 
V-mode, see Vn-mode 
Vlam, Stanislaw, 560, 62 1 ,  676 Vn-mode, 
39, 98, 254 
Vnamuno, Miguel de, 698 
uncertainty principle, see Heisenberg 
uncertainty principle 
uncles ,  446-48,  464, 466, 468, 54 1 ,  580 
undecidability, 17 ,  222, 449, 45 1 -55 ,  468 ; 
causes of, 707-8 
undefined terms, 92- 102, 2 16, 456; 
defined, 93 ,  97 
understanding, nature of, 569, 675-76, 680 
understanding mindslbrains :  meaning of, 
697 ; possibility of, 697-98, 706-7 
unicycle, tandem, 633 ,  669 
units in Tvpogenetics .  505 , 509 universal 
quantifiers , see quantifiers universal 
triggering power, 1 7 1 ,  175 Vnmon, 254 
unobservant machines ,  36-37, 674 
unpredictable but guaranteed termination, 
400, 425 
upper bounds, see loops, bounded, BlooP 
uracil, see nucleotides 
use vs. mention, 434-37,  458, 53 1 ,  545 , 
699-700; 
see also form, syntactic vs.  semantic, 
programs 
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vs. data, syntax vs. semantics, structure vs. 
function variables in TNT, 206, 2 13 - 14 ;  
free, 207-9, 214 ;  quantified, 208,  2 14, see 
also quantifiers 
verb-at-the-end phenomenon, 1 30-3 1 
Verbum (Escher) , 257, 73 1 -32 
versus, see accessible vs. inaccessible 
knowledge, active vs. passive symbols , 
ants vs.  ant colonies ,  arithmetical vs.  
typographical rules ,  Bach vs. Cage, 
beautiful vs. non-beautiful, bottom-up vs. 
top-down, classes vs.  instances, continuous 
vs. discrete processes, deductive vs. 
analogical awareness, derivations vs. 
proofs ,  dissection vs. appreciation of Bach, 
distinct vs. similar levels, enzymes vs. 
typoenzymes,  explicit vs.  implicit 
knowledge, explicit vs.  implicit meaning, 
explicit vs. implicit pruning, formal vs. 
informal reasoning, formal vs. informal 
systems, formal systems vs. reality, 
genuine vs. phony koans, high-fidelity vs. 
low-fidelity, holism vs. reductionism, 
improvisation vs. introspection, 
instructions vs. templates ,  local vs. global 
properties ,  meaningless vs.  meaningful 
interpretations, men vs. women, minds vs. 
brains ,  nouns vs. verbs in triggering 
patterns, I -D vs. 3 -D, passive vs. active 
meaning, people vs. machines ,  plausible vs. 
implausible pathways, President v. 
Supreme Court, procedural vs. declarative 
knowledge, programs vs. data, programs 
vs. programmers,  purposeful vs.  
purposeless behavior, rational vs. irrational, 
sanity vs. insanity, self-perception vs. self
transcendence, structure vs. function, 
subject vs. object, symbol vs. object, 
symbols vs. neurons, symbols vs. signals, 
syntactic vs.  semantic form, syntax vs. 
semantics, teleological vs.  evolutionary 
viewpoint, theorems vs. nontheorems, 
theorems vs. rules ,  theorems vs .  Theorems, 
theorems vs. truth, Tortoise vs. Crab, truth 
vs. beauty, truth vs. commercials, truth vs. 
falsity, 2-D vs. 3 -D, use vs. mention, 
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weight vs. mass ,  womanseeing vs. seeing, 
words vs. letters, Zen vs. logic, Zen vs. 
words 
vibrations, 76-78,  82-85,  102, 270, 27 1 ,  
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Vice President, 670 
Villon, Fransois, 369 
Vinogradov, Ivan M. ,  394-95 
Vinogradov property, 394-95 
violins, 62, 63 , 70, 8 1 ,  84, 1 62, 200, 257, 
434, 502, 595, 68 1 , 720, 724 
viruses, 536-43 ; likened to Henkin 
sentences, 542-43 
vision by computer, 602, 627 
visual imagery: Bongard problems and, 
66 1 :  faucets and, 364-65 ; inaccessible 
knowledge and, 365 ; lack of in programs, 
623 ; mathematics and, 569, 678 ;  
necessitating layers of  substrate, 570-7 1 ;  
power of, 338-39;  role in 
conceptual mapping. 668, 672; rubbing-off 
and. 
361 -62 es and canons,  28, 282-83 , 3 14, 
voices in fugu 
322-23 , 335 ,  665-67 , 669, 683 , 737,  740 
Voltaire, Francois Marie Arouet de, 3 
vortices, 7 1 3 - 1 9  
Vuillard, Edouard, 347 Wachter, F .  L . ,  92 
Warrin, Frank L., 366 
-WASH ME" ,  608 
Waterfall (Escher) , 1 1 - 1 3 ,  99, 7 1 6  
Watergate, 692 

Watson, J. D .. 667 Weasel, 106 weather. 
302-3 Weaver, Warren, 380 Weierstrass ,  
Karl W. T . ,  404 weight vs. mass ,  1 7 1 -72 
Weizenbaum, Joseph, 599-600. 675 

well-formed strings :  in Art of Zen Strings,  
239, 242, 244; BlooP puzzle on,  4 16 ;  
defined. 53 :  in pq-svstem, 47 ; in 
Propositional Calculus, 1 8 1 -83 ; in TNT, 
2 1 3 - 1 5  
Well-Te"ered Clavier (Bach) , 7 ,  280-84, 
327 . 329, 
335 
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Well-Tested Conjecture (Fourmi), 333-35 
"When Johnny Comes Marching Home" ,  
607 Whitehead, Alfred North, 1 8 , 2 1 ,  23-
24 Whitely, C .  H. ,  477 

wholes, see holism Wiener, Norbert, 684 
Wiesel, Torsten, 343 
will: free, see free will ; mechanical, 684-
86; roots 
of, 684-86 
Wilson, E. 0., 350 Winograd. Terry, 627-
32 Winston. Patrick Henry, 299 wishes, 
meta-wishes, etc . ,  109- 16  Wittgenstein, 
Ludwig, 680, 699 
Wolff, Christoph, 392 
womanseeing vs. seeing, womansee men 
vs. women wondrous and unwondrous 
numbers, 400-2, 408 , 
4 1 5 , 4 1 8, 425 
Wooldridge, Dean, 360 
words : in computers , 288-90, 295 ,  4 1 1 ;  as 
programs, 629-30; spelled backwards .  8 1 ,  
4 1 8, 427 , 498, 505 , 533 ,  549, 727 , 738,  
740; thoughts, formal rules ,  and, see main 
theses : vs.  letters , 
325-27, 570, 57 1 ;  Zen attitude towards, 
246, 249, 25 1 -54 
worker ants, 3 1 8  
working inside the system, see Mechanical 
mode 
yes-answers , 46 1 -64 Yngve, Victor, 620 
Young, LaMonte, 700 
Zen Algebra, 577 
Zen Buddhism: Achilles teaches the 
Tortoise about. 23 1 -45 ; computers and, 
625-26 ; Crab's refrigerator and, 406-7 ; 
Escher and, 255-58 ;  holism vs. 
reductionism and, 3 12- 1 3 ;  inconsistencies 
and, see Zen vs. logic ; introduction to, 246-
59;  jumping out of the system and, 233 ,  
255 ,  479 ; music, art ,  and, 699, 704-6; 
Mystery of the Undecidable and, 272; 
nonexistence and, 254-55,  698 ;  patriarchs 
of, 30, 232, 252, 259 ;  quasi- , 625-26 ; U
mode and, 39,  98 .  254; vs, logic, 99, 233-
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34, 249-5 1 ,  254; vs.  words, 246, 248-49, 
25 1 -54; Zeno and, 30 
Zen Strings, Art of, see Art of Zen Strings 
Zenfunny, Beethoven's Ninth, 634 
Zeno of Elea, 28, 29-32, 94-95,  144, 146, 
232, 6 10, 68 1 , 704, 722 
Zeno's  paradoxes, 29-32, 35 ,  43 , 146, 6 10  
Zentences, 1 86-90 
ZET -cycles, 94-96, 689 
zooming in, 645 , 67 1 
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