
 
Algorithmic Social Sciences Research Unit 

ASSRU 
 
 

Discussion Paper Series 
 

3 – 2016/I 
 
 
 

 
Alan Turing’s Orthogonal Trajectories 

Decoding the PROF  
 
 
 
 

K. Vela Velupillai 
 

February 2016 
 

 
 

   



 

1 

Alan Turing’s Orthogonal Trajectories 
Decoding the PROF1 

 
K. Vela Velupillai2 
Tottvägen 11 (1 tr) 

169 54 Solna  
Sweden 

 
1st February, 2016 

 
kvelupillai@gmail.com 

 
 
 

‘The dominant passion in [Alan Turing’s] life was his ideas; it is those for which he should be 
remembered, and for them no apology is needed.’ 
Dermot Turing, 2015, p. 306. 

                                                
1 An extended Review Article of Dermot Turing’s: PROF: Alan Turing Decoded-A Biography 
(The History Press, Gloucestershire, UK; 2015). For obvious reasons Dermot Turing’s book will be 
referred to as ‘Decoded, 2015’ in the main body of this essay. In the ‘spirit’ of a Review Article and 
in the tradition of Hodges (1983) and Decoded, 2015, I shall refrain from mathematical 
hieroglyphics in the body of the paper. 
2 Dedicated to the memory of Barry Cooper, friend, Turing scholar par excellence and an 
intellectual with a personal and professional integrity that was a reflection of Alan Turing’s open- 
minded innocence and depth. Alan Turing: His Work and Impact, edited by Barry Cooper & Jan 
van Leeuwen (Elsevier, Amsterdam, 2013) won the R.R. Hawkins Award and the award for the 
Best Book in the Physical and Mathematical Sciences, at the Association of American Publishers 
(AAP) Professional and Scholarly Publishing (PSP), annual conference, held on 6th February, 
2014, in Washington, DC. Moreover, Barry Cooper was the moving force behind three important 
Turing initiatives: The Alan Turing Centenary Year (2012) organisation; the Newton Mathematical 
Institute (Cambridge University) & Royal Society Turing Memorial Conference on The 
Incomputable, held at Chicheley Hall, in June, 2012; and the passionate advocate and determined 
organiser of the move to ‘force’ the British government to grant a posthumous pardon to Alan 
Turing. I had the pleasure, and melancholy privilege, to be a member of ATCY (which was 
Presided by Barry Cooper), and a speaker at the June, 2012 event (where I, finally, befriended one 
of the legends of Computability Theory, Martin Davis - and also heard Yuri Matiyasevich and 
Robert Soare speak enthusiastically and persuasively on issues related to Alan Turing’s work on 
computability and incomputability). When I offered to sign the document Barry Cooper had 
prepared to seek the UK government pardon for Alan Turing, Barry Cooper informed me that it was 
to be signed only by UK residents! Finally, due entirely to Barry Cooper’s good offices, I am a 
‘three-fold’ contributor to Cooper & van Leeuwen (2013) edited book, as well as the book on The 
Incomputable, containing the proceedings of the Chicheley Hall conference. If my review is at least 
a tolerably good approximation to the one by Barry Cooper (2006), or for that matter the Hodges 
(2006) review of the same book, I will be more than satisfied! They - Cooper and Hodges - write 
typically sensible technically masterly reviews, with the characteristic warmth of endorsement of 
the generous aims of the author of that book (David Leavitt). 
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Statue of Alan Turing with an Apple 

Sackville Gardens, Manchester3 

 
§ 1. A Preamble 

“Everyone wants to adopt Alan Turing now.” 
Decoded, 2015, p. 304. 
 

Even President Obama!4 

                                                
3 Downloaded on 5 February, 2916 from: https://commons.wikimedia.org/wiki/File%3AAlan-  
Turing-Statua-manchester_con_la_mela.jpg.  

4 On 25th May, 2011, in his address to the British House of Commons, President Obama stated 
(italics added):  

“For from Newton and Darwin to Edison and Einstein, from Alan Turing to Steve Jobs, we have 
led the world in our commitment to science and cutting-edge research, the discovery of new 
medicines and technologies.”  

I am not sure Edison, Einstein and Jobs, merit a bracketing with Newton, Darwin and Turing. 
Surely, President Obama could have chosen three intrinsic American scientist’s, comparable to 
Newton, Darwin and Turing, in scientific stature; surely Feynman, Sewall Wright and Watson, or 
Oppenheimer, Watson and Chomsky, would be more appropriate choices, comparable in their 
influence and impact on the development of the scientific spirit, to the British trio? In Einstein’s 
case, obviously because most of his fundamental research and contribution to science and 
civilisation were made before he emigrated to the US. Jobs, in my opinion, belongs to a different 
class of ‘greatness’ (perhaps similar to, say, Bill Gates or even Henry Ford!). As for Edison: 

“Generations of children have been taught that the light-bulb was invented by a Mr. Edison in 
the United States. There is, however, another story. ... [In] 1878 [Joseph Swan] .. demonstrated 
an incandescent carbon-filament lamp at a meeting of the Newcastle Chemical Society. (Edison 
also announced his separate achievement in 1878). 

Joseph Swan was the Grandfather of Alan Turing’s Shirburnian friend, Christopher Morecom. The 
premature death of Christopher Morecom, on 11th February, 1930, was a devastating blow to the 
young Alan Turing. 
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Since 19835, when Andrew Hodges published Alan Turing: The Enigma (Hodges, 1983), there 

have been a flood of material about - and on - Alan Turing’s remarkable, yet tragically short, life, 

his extraordinary achievements in that short span of life, and his many influences on the frontiers of 

important current  research in diverse areas - from pure and applied mathematics to philosophy, 

from computer science to molecular biology, from the philosophy of science to chemistry and the 

chemical basis of morphogenesis, and much else. Of course, among these there have also been 

many kinds of biographies of Alan Turing - but none can match the detail, the sympathy and the 

competence shown in Hodges (ibid). 

 

The book which is the subject matter of this Review Article, Alan Turing Decoded: A Biography 

by Dermot Turing (The History Press, UK, 2015), written by Alan Turing’s nephew, Sir Dermot 

Turing, is almost in the class of Hodges (op.cit.), but not as detailed, although with a wealth of 

personal information, provided in context, that can only come from a family member (or a very 

close friend). The book is any case, a fine complementary reading material for anyone who has read 

the classic by Hodges (or intends reading it). My own opinion is that it is an ideal prerequisite for 

the reading of the Hodges book, but in 1983 the author of this book may have been too young to 

write the kind of book he has been able to compose now, 32 years later.  

 

Sir Dermot Turing, so far as I know, was born in 1961, fully seven years after Alan Turing’s tragic 

death in 1954. He is the son , by his second wife, Beryl, of John Turing, the elder brother of Alan 

Turing. This must mean that the valuable personal information included in this book has its origins 

in ‘family recollections’, especially gleaned from conversations with his father, John Turing, and 

his grandmother, Sara Turing6, the elder brother and mother, respectively, of Alan Turing. It is 

possible that Dermot Turing’s half-sisters, Inagh, Shuna and Janet, who would have known their 

uncle personally, supplied him with some valuable family reminiscences, but this is pure 

                                                
5 To the best of my knowledge, there was - in a book form, dedicated to any aspect of the biography 
of Alan Turing - only the somewhat (understandably) sad one by his Mother, Sara Turing (1959), at 
that point of time. 
6 Ethel Sara Turing (1881-1976) was born, like John Turing, in South India (Coimbatore) and is a 
scion of the Stoney family. Chapter 1 of Decoded, 2015, is a telescoped description of Alan 
Turing’s hence also of Dermot Turing’s - Uncharitable Ancestors. Sir Dermot Turing inherited the 
Baronetcy of Foveran in the County of Aberdeen from his father, who was the 11th Baronet. Alan 
Turing himself was awarded the OBE - the medal is now kept at Sherborne School (Decoded, 2015, 
p.179), of which John Turing (2012, p. 156) writes: 

“As someone rightly remarked, for .. saving the nation from disaster, Alan should have 
been given an earldom but, in fact, he was awarded an OBE, which, to the amusement of 
his friends, but quite properly, in my opinion, he kept in a tin box along with such aids to 
gracious living as screws, nails, nuts and bolts.” 



 

4 

speculation on my part. Of course, this personal information is richly supplemented by superb 

research into many facets of the ‘life, work and times’ of his remarkable uncle, Alan Turing. 

 

On the other hand, my own view - gleaned from Hodges (ibid), Decoded, 2015, Sara Turing (1959) 

and John Turing (2012) - is that there was no dissonance between Alan Turing’s public and private 

personalities, especially the very well known attributes of humility, brilliance and generosity. All of 

these characteristics are highlighted, albeit without unnecessary fuss, in Decoded, 2015 - and done 

so in a most absorbing and convincing fashion. 

 

This is a slim book - only a little over 300 pages - compared to the Hodges classic at double that 

number of pages; but it is written with engaging amusement and sympathy that anyone can read it, 

even as an ‘airport’ or ‘coffee-table’ book. In that sense a Review Article can only be redundant, if 

not for the fact that I feel the content of the book should be celebrated in a way that is worthy of 

Alan Turing. I hope, therefore, that this minor scribble enhances the stature of the subject - and 

object - of Decoded, 2015, amplifying those attributes that have been less than adequately 

emphasised in the past and ‘correcting’ some one or another infelicity, none of which can actually 

be considered a blot on the fine story that is seamlessly narrated in the book. 

 

The next section is, therefore, simply a kind of summary of the eleven plus two chapters of the 

book. In the subsequent section there are some thoughts on a few of the ways that Alan Turing’s 

pioneering thoughts and writings might well be a beacon for current and future research in selected 

areas, in the unconventional way that was the hallmark of his published (and unpublished) works. 

The concluding section tries to weave together the threads that line this paper, into a meaningful 

tapestry, mainly as a guide to those who may not be too familiar with the intricacies of Alan 

Turing’s pioneering contributions during a short, but very crowded, life. 

 

The appendix is a very personal story of the ways my own academic, intellectual, life was touched, 

graced and guided by the noble work of Alan Turing. 

 

That Sir Dermot Turing is, currently, ‘a serving Trustee of Bletchley Park’ is most appropriate, as 

was the posthumous Royal ‘pardon’ given Alan Turing in December, 2013 - belated though it was.  

§ 2. Turing’s Orthogonal Trajectories  
“Chris Morecom’s death did, however, have significant consequences. First and foremost, 
in the absence of the one person with whom he could collaborate, Alan Turing’s preferred 
approached to problem-solving - to tackle it on his own- was left unchallenged in his peer 
group. From now on, Alan would always do things his way.” 
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Decoded, 2015, p. 56; italics added. 
 

‘To tackle it on his own’ is simply the flip side of the coin that was Alan Turing’s personality - 

intellectual and otherwise - and emphasised by the ever perceptive Andrew Hodges (2008, p.4; 

italics added): 

“It was typical for him, on his return, to seek to outdo Bell Telephone Laboratories with his 
single brain, and to build a better system with his own hands. ... He attacked every kind of 
problem - from arguing with Wittgenstein, to the characteristics of electronic components, 
to the petals of a daisy. He did so on the basis of immense confidence in the power of 
mathematical analysis, in whatever field he chose.”  

 

In this most readable biography of his famous Uncle, Alan Turing, Sir Dermot Turing, confesses his 

scepticism (Decoded, 2015, p.7), ‘about [the] solitary genius picture of Alan Turing’.  The author’s 

magnanimous acknowledgement to Andrew Hodges’s masterly biography (Hodges, 1983), is 

unreservedly handsome7. There have been, and there continue to appear, many studies of Alan 

Turing, from diverse points of view. It is not my intention to compare and contrast these different 

‘biographies’; let me only affirm that these two biographies - i.e, the one that is being reviewed here 

and the classic by Andrew Hodges - together with at least a nodding acquaintance with the material 

in Herken (1994/1995; editor), Teuscher (2004; editor), Cooper & van Leeuven (2013), Downey 

(2014; editor), and the four volumes of The Collected Works of A. M. Turing (1992 a, b, c & 

2001), would be more than adequate to get a glimpse of the ‘forest’, even if not the details of all the 

‘trees’, that defined who and what Alan Turing was, intellectually, professionally and personally. 

Three remarks are in order here.  

In the first place, Barry Cooper (2006, p.1213) was as handsomely appreciative of the Hodges 

biography:  

“....Andrew Hodges, the perceptive and sensitive author of the definitive Turing biography 
(one which must be a front-runner for the best biography of a mathematician ever written).”  

                                                
7 As he writes, in Decoded, 2015, p. 9): 

“I bought my copy in February 1984 as soon as it came out. ...[I]t covers the ground with 
majesty as well as rigour. Nothing - certainly not what follows between these covers - can 
possibly stand up to it. .. It has stood thirty years without need of fundamental correction. 
Sure, there are materials available now which were not open to Andrew when he did his 
research, but these .....affirm his conclusions where there was limited evidence available to 
him. My perspective is of course different, otherwise this book would not have been worth 
writing ...” 

This is a book fully worth reading, and I - for one - am glad that the author thought it ‘worth 
writing’. Incidentally, ‘I bought my copy [of the Hodges book] in April, 1985.  
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I know, of course, that Barry Cooper did not think Alan Turing was simply a ‘mathematician’, nor 

that the Hodges biography was of that part of Alan Turing when he wore his ‘mathematician’s hat’8. 

In view of these appreciative evaluations I can only express my surprise - and dismay - that 

Piccinini (2003, p. 24) feels able to write (of Hodges, 1983):  

“...[is] not reliable when it comes to his intellectual development. Suffice it to say that .... 
Hodges, when interpreting Turing’s ideas, advocates the frustrating policy of omitting the 
evidence for most of his statements (Hodges, 1983, p. 541).”  

Anyone who bothers to read p.541 of Hodges (1983) - having, of course, read the earlier 540 pages 

and the later 26/27 pages, will, I am sure, not find even an iota of evidence to substantiate these 

absurd comments by Piccinini. Incidentally, my only ‘serious’ criticism of Decoded, 2015, is that it 

does not include an Index of any sort (the one in the Hodges book is exemplary - whereas the 

Herken book ‘suffers’ from the same lack as Decoded, 2015).  

Secondly, this distinction between an intellectual and a professional Alan Turing is necessitated by 

the fact of his work at Bletchley Park, very little of which reached the ‘outside’ world till 

Welchman (1982), as pointed out in Decoded, 2015, p. 301 (not without some completely justified 

acid humour), and the relevant chapters in Hodges (op. cit). None of Alan Turing’s formal work at 

Bletchley Park was incorporated directly in his intellectual papers that were published in his 

(tragically shortened) lifetime. In this connection, Dermot Turing’s frank observations regarding 

(Decoded, 2015, p. 301; italics added), ‘Welchman losing his ... security clearance and receiving a 

virulent letter of rebuke from the British government’ is most revealing. He goes on, even more 

revealingly (p. 302): 

“The treatment of Gordon Welshman was probably the high-water mark of official resistance to 
disclosures about Bletchley Park. By the 1980s the tide was changing. ... Even so, it took a 
fuller revelation of the achievements of Bletchley Park to bring Alan’s story to a wider public. 

                                                
8 As Hodges (2008, p. 4; italics added) emphasised: 

“As Newman (1955) put it, Turing was ‘at heart more an applied than a pure 
mathematician’. It might be more true to say that Turing had resisted this Cambridge 
classification from the outset.” 

This is why I think Allaeerts (2003, p. 8; italics added), in an otherwise exemplary article on Alan 
Turing’s work on Morphogenesis, is incorrect, when he invokes that very same ‘Cambridge 
classification’: 

“Among pre-war British mathematicians, two branches could be discerned. On the one 
hand, there were those such as G.H. HARDY, one of TURING’S teachers, who considered 
real mathematics (in contrast to trivial, applied mathematics) as not useful and doing ‘no 
good’ to society”.  

The exact reference is to Hardy (1940, p. 79), where, by ‘real mathematics’ is meant ‘pure 
mathematics’. 
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This has happened slowly as successive governments have felt able to release more material into 
the public domain; with that the role that Alan played has been put into sharper focus.” 

In Decoded, 2015, p. 261 - in the subsection titled Orthogonal Trajectories, i.e., ‘looking at things 

sideways’ - ‘Bernard Richards, Alan’s last Research student’ is quoted as stating that: 

“Alan’s thought process was to look at problems ‘orthogonally’.” 

The eleven chapters of this excellent book, together with the Introduction, Epilogue and the Notes 

and Accreditations are a sustained and successful depiction of an orthogonal trajectory over Alan 

Turing’s fascinating life and times. Dermot Turing looks at the experiences, extraordinary 

contributions to many frontiers of science, the personal idiosyncrasies of the child, youth and adult 

that made up the complex personality of Alan Turing sideways - above all, with critical sympathy. 

This critical sympathy is exercised cautiously and sparingly - at least in an explicit sense - and has 

the advantage over the Hodges biography of Alan Turing in that it allows Dermot Turing to be 

admirably frank about his father and grandmother - Alan Turing’s brother and mother.  This fact is 

also why Dermot Turing is able to say, explicitly (Decoded, 2015, p.7): 

“It [the solitary genius picture of Alan Turing] doesn’t fit well with what little was said 
about [Alan Turing] at home during my childhood, and it doesn’t fit with the personal 
recollections of those work colleagues of his with whom I have had opportunities, over 
the years, to talk.” 

There are, to be sure, some technical infelicities9, curiosities of attribution10, and necessary 

incompleteness (how else can one encompass the complexities of a genius’s life within the confines 

of 320 pages - after all even the incomplete Hodges classic did not manage to do so using almost 

double the number of pages?). 

The author does candidly affirm (Decoded, 2015, p.9) that he has not been ‘as rigorous with 

quotations as an academic work would require’ and that ‘ellipsis ‘[...]’ is not used in every instance 

where words in the original have been omitted ...’. A careful reader must, therefore, guard against 

being misled by apparent carelessness; but does this mean the book is meant to be read only in a 

                                                
9 Most obviously in referring to the demonstration by Gödel of (one of) his incompleteness 
theorem(s) using ‘one of Zeno’s paradoxes’ (p. 84); see Parmenides, in Vol. IV, in the Jowett 
edition, of The Dialogues of Plato, pp. 45-106. 
10 Surely, in writing Principia Mathematica, Bertrand Russell was the ‘junior author’ (Decoded, 
2015, p. 83) to Whitehead, only in age! Moreover, von Neumann did not invent ‘group 
theory’ (ibid, p. 86). See also Hodges, 1983, p. 545, note 2.36. 
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light-hearted fashion? Is it also not meant for the enlightened professional, the widely-read 

intellectual, the ‘interested reader’11, in general? 

I think the book is meant to be read - most productively and with the required sensitivity - by these 

three classes of readers, with the others being, at best, ‘light-hearted’ readers, perhaps also some 

may use it in the unfortunate coffee-table mode. The book requires to be kept, and treasured, after a 

thorough digesting of a careful reading, with the sensitive books on biographies of great scientists - 

with those on Brouwer, Dirac, Gödel, Keynes, Russell, Oppenheimer, Wiener, Wittgenstein, 

Zermelo and, of course, Hodges.  

Of course, there is an unevenness in the technical background necessary to fully appreciate the 

contents of the different chapters. Thus the general reader can easily read and appreciate, almost in 

a ‘light-hearted’ fashion, the first three chapters on, respectively, Unreliable Ancestors, Dismal 

Childhoods, Direction of Travel - and the last two, on the Machinery of Justice and Unseen Worlds, 

together with the Epilogue, require serious and sympathetic reading and understanding, especially 

of the absurd flaws in any conventional interpretation of the rules of legal system, of any age.  

The fourth chapter, Kingsman, however, may well lie somewhere between the first four and the last 

three, in levels and degree of appreciation and understanding. It is, after all, the story of Alan 

Turing the boy, turning into the swan12 that was to become the mature and original research scholar, 

Fellow of King’s College, the Bletchley Park Codebreaker, the designer of the first, working, 

stored-program computer, and the many-faceted contributor to the frontiers of theoretical, 

experimental and computational frontiers of modern science. 

It is the story of the beginnings of Alan Turing’s ‘trademark get-it-done-best-on your-own-way’ 

(Decoded, 2015, p. 75;italics added) method of defining solvable problems and his charming, if 

futile, way of ‘solving’ famous problems that had already been resolved by others. This is best 

illustrated, at this stage, by the King’s College ‘almost’ undergraduate’s resolution of what has 

come to be called the Lindeberg-Feller Central Limit Theorem. This sad - and interesting - story of 

an application of Alan Turing’s ‘trademark’ is told with humour and enough landmark interludes - 

like his Wrangler status and the meaning of passing as a ‘B-star wrangler’  - capped by the report of 

                                                
11 As John Kelley (1955, p. vi) perceptively observed, his own masterly book on General Topology 
was also meant for ‘the interested reader (that elusive creature)’! 
12 In the subsection titled Chip off a new block (Decoded, 2015, p. 62; italics added): 

“Alan indeed had become a swan, and in more than one sense.” 
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the great Besicovitch (p. 79) and Alan Turing’s election to a King’s College Fellowship on 16 

March 193513.   

There is mention of the famous Champernowne ‘construction’ of the first, explicitly demonstrated, 

normal number14 - but why is it called ‘Champernowne’s constant’ (Decoded, 2015, p. 68; italics 

added), and not simply Champernowne’s number (see, however, Turing, 1992 , Hodges, 1983, p. 62 

and note 2.11, p.544 and the discussion in the next section)? In addition, that the friendship with 

Champernowne led also to the writing of the famous Turo-Champ chess playing program in 1948, 

as well as that ‘Champ’ was ‘one of the four men to inherit under [Alan Turing’s] will,’ are also 

pointed out on the same page. I liked the Hodges (1983, p. 62) ‘embellishment’ on one of the 

reasons for the friendship, despite differing backgrounds, between Champernowne and Turing (not 

mentioned, strangely, by Dermot Turing): 

“[I]mportant to Alan was that ‘Champ’ was not shocked by unconventionality.” 

The clerihew15 ‘rounded off the achievement’ [of election to a College Fellowship], Decoded, p. 81: 

“Turing 

must be very alluring 

to be made a don 

so early on.” 

The ugly duckling was well on the way to becoming a swan! 

                                                
13 Two members of Electors to the College Fellowships were the economists Pigou and Keynes. 
The latter wrote his wife, Lydia Lopokova:, on 11 April, 1935 (quoted on p. 279 of Richard 
Davenport-Hines, 2015; italics added) : 

“I had to lunch to-day the fellowship candidate who seems much the cleverest on paper to 
inspect him and his fingernails. He is excellent—there cannot be a shadow of doubt about 
it. Fingernails as long as yours (in proportion)—it is infallible. And he was very nice 
Turing his name...  .”  

Keynes disliked untidy fingernails. If only he knew what we now know, through the writings of Andrew 
Hodges and Dermot Turing!! Ignorance has its blessings. 

14 A normal number is a real number whose expansion  as an infinite sequence of digits to every 
base is distributed uniformly. Champernowne’s number is: 0.1234567891011121314 .... is a normal 
number relative to base 10; it may not be normal to another base. 
15 Both Hodges (1983, p.94) and Dermot Turing (2015, -. 81) refer to the clerihew, possibly because 
Alan Turing would have appreciated the rules of formation of such four-line, biographical verses. I 
must confess that I had to look up the meaning of the word when I first came across it in Hodges - 
my copy of the book has encircled it with a pencil, and a large question mark leading from it to the 
margin!  
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On the other hand, the middle five chapters on Machinery of Logic, Prof, Looking Glass War, 

Lousy Computer and Taking Shape would have to be read carefully, perhaps with a ‘pencil and 

ruler’, the latter to underline the text! They invoke fairly technical - sometimes mathematically 

sophisticated - material, which the author seems to have mastered with admirable competence.  

As an example of this point, let me consider chapter 5, on the Machinery of Logic. It is, essentially, 

a description of the technicalities of Alan Turing’s arguably most famous contribution - that in 

Turing (1936), on Computable Numbers.16  

But the technicalities are tempered by wonderful personal interludes, particularly Alan Turing’s 

visits to Isobel Morecom and the attempts to instruct her on the intricacies of GO - who writes, in 

her diary entry of ‘Friday 11’ [September, 1936], ibid, p. 94; italics added: 

“Alan taught me game called ‘go’ rather like ‘peggoty’ .”17 

I cannot imagine anything other than the wooden-peg game of pegity18, which - at least according to 

one ‘legend’ - seems to have its origins in a kind GO (GO-Moku, to be precise), which is a tribute to 

Isobel Morecom’s perceptive powers.  

                                                
16 I don’t think Dermot Turing is right when he writes (Decoded, 2015, p. 90; italics added): 

“Alan’s first paper on computable numbers went astray in the mail” 
In letter from Alan Turing, to his Mother, cited in Decoded, 2015, p. 86, the Comptes Rendus issue 
raised on p.90 - which seems to have prompted the above assertion by Dermot Turing - is 
mentioned in the following way: 

“However, he examined my note for C. R and approved it after some alterations. I have had 
no acknowledgement of it, which is rather annoying.” 

On the other hand, in the letter on p.90, Alan Turing writes: 
“The situation with regard to the note for Comptes Rendus was not so good. It appears that 
the man who I wrote to, and to whom I asked to communicate the paper [to C.R?] had gone 
to China, and moreover the letter seems to have been lost in the post, for a second letter 
reached his daughter.” 

17 In the elegantly titled subsection, Autumn leaves, there is a visit to the Morecom home, in 
September, 1936, described lovingly, with the letters of Isobel Morecom and an illustration of Alan 
Turing’s attempt to instruct her on the rules of GO (Decoded, pp. 94-95). In her diary entry of 9 
September, 1936, Isobel Morecom wrote (Decoded, p. 94; italics added):  
 

“[Alan Turing} has come for a farewell visit before going out to America for 9 months 
(Princtown) to study under 3 great authorities on his subject: Gödel (Warsaw) Alonso [sic!] 
Church and Kleene.”  

I suppose Princeton could be referred to as Princetown, but why was Gödel supposed to be from 
Warsaw? To the great credit of Dermot Turing, these matters are simply reported, without 
comment.  
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There is, close on the heels of a facsimile reproduction of the first page of Computable Numbers, a 

mention - and a quote from - Alan Turing’s last published paper (in his lifetime), Solvable and 

Unsolvable Problems (Turing, 1954)19. 

I am not sure I agree with Dermot Turing’s opinion on the content and the intended audience of 

Solvable and Unsolvable Problems (Decoded, 2015, p. 91; italics added): 

Many years later, Alan wrote a different version for more general readers, where the 
meat was cut up into more digestible pieces.” 

I have myself used this beautiful article in teaching graduate courses on Computable Economics, 

introducing Knot theory and, in particular, the ‘unwinding’ of the picturesque Trefoil knot (ibid, 

Fig. 1, p. 1320), the unsolvability of the Word Problems for Semi-Groups (ibid, p. 23 - where a 

reference to Novikov’s result is stated as: ‘It has recently been announced from Russia that the 

‘Word problems in groups’ is not solvable”) - from the point of view of computability theory and 

Turing Machines21.  

I cannot imagine Alan Turing referring to Kleene (1952)22, as he does in an article meant ‘for more 

general readers’(ibid, p. 23)! 

Returning to the theme in footnote 10, Dr. Dermot Turing cannot be correct to write (Decoded, 

2015, p. 101) that [Alan Turing] ‘started working on ‘group theory’, during his first Princeton 
                                                                                                                                                            
18 The same letter, quoted in Hodges (1983, p. 116), has her spelling it as ‘Peggity’!! 
19 Science News, # 31, the small magazine containing this article is only one of two rare ‘Turing 
originals’ I own; the other is a first edition of Sara Turing’s (flawed), 1959 story of her son. I once 
owned a second copy of Science News # 31, which I gifted to Barry Cooper at the Royal Society’s 
Chicheley Hall Conference on The Incomputable, in June, 2012 with the request that he present it 
to a worthy graduate student who works on some aspect of Alan Turing’s many-faceted 
contributions. Alas, Barry’s own sudden death meant that I never knew the eventual fate of that 
‘gift’, although I am sure he made a wise decision on it. 
20 I made and still keep, a Trefoil knot which I constructed with a thick twine, and to untie it 
mathematically, I had to learn the rudiments of Knot Theory (Adams, 2001), particularly 
Tricolouration of Knots; and got a blacksmith (in Trento) to construct the representation of it, in 
thin metal wire, as shown in Fig 1(b), in Turing (op.cit, p. 13). I used them successfully in various 
graduate courses at Trento and New York.  
21 Using also the Introduction and the first two chapters of Yasuhara (1971) to introduce an analysis 
of Semi-Thue systems with Turing Machines; this gives me an opportunity to refer to Novikov 
(1958), about which Turing had already made a felicitous reference (ibid, p. 22). However, the 
puzzle with this reference is that Turing’s paper was published in early 1954 - hence, most likely 
written the year before - and the Novikov result was published only in 1955 (cf., Goodstein’s 
Preface in Novikov, 1964)! Obviously, Alan Turing kept abreast of ‘current’ research results, in 
many fields, most assiduously - but how did he find the time to do so? 
22 I myself read this important book, in its entirety, whilst convalescing in a hospital bed, in Belfast, 
in 1995. That particular experience marked a turning point in my own intellectual development. 
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sojourn - since Turing’s first published paper was on this subject appeared long before he even 

contemplated a visit to Princeton (Turing, 1935). On the other hand, the interesting observation that 

‘Alan learned to speak and write in lambda-calculus’ (ibid, p. 101) contrasts interestingly with the 

quote from Herbert Enderton, two pages earlier, that the founding father of the λ-calculus ‘did not 

type’! 

On the subject of Alan Turing’s two lengthy stays in Princeton, during the second of which he 

completed his thesis on Ordinal Logics under Alonzo Church, which was published in 1939 (see 

Appel, 2012, editor), there is, surprisingly, much less on the technical side than there was on that 

other classic, Computable Numbers. I expected at least a passing reference to Oracles (Turing, 

1939, p. 172; p. 17 in the thesis), especially in view of the hype that seems to accompany the 

various claims on hypercomputation and computation beyond the Turing-limit (all of which are laid 

to rest in the characteristically masterly contribution by Martin Davis, 2004, on ‘The Myth of 

Hypercomputation’ and Hodges, 2004, particularly, § 2). 

There is, is also, in this chapter, a brief description of Alan Turing’s recruitment to the Bletchley 

Park decoding war work, but in the words of Patrick Wilkinson23 (Decoded, 2015, pp. 108-109). 

Significantly, although without much ‘fanfare’ - as befits a Turing - the ‘Wittgenstein-connection’ 

is also mentioned (but not the fact that Alan Turing was introduced to the great Viennese 

Philosopher by Alister Watson, in the summer of 1937, and that they - Alan Turing and Ludwig 

Wittgenstein - had ‘met sometimes in the botanical gardens’, (Hodges, 1983, p. 136)). These 

meetings took place long before the ‘famous’ encounters during Wittgenstein’s lectures on the 

foundations of mathematics - a topic on which Alan Turing also, and during the same years, 

lectured and one on which Alister Watson wrote a celebrated article (Watson, 1938), in which he 

used Turing’s results from Computable Numbers. There had been 31 lectures by Wittgenstein, 

‘during the first six months of 1939 and Alan Turing attended almost all of them’ ibid, p. 109). I 

completely agree with Dermot Turing when he writes (Decoded, p. 109; italics added): 

“From the very first lecture Wittgenstein used Alan as a foil for debating propositions.” 

                                                
23 I befriended Patrick Wilkinson during my own graduate student times at King’s College, in the 
very early 1970s and still own a copy of that classicist’s booklet on the College. As in my 
friendship with John Westcott (see below), I didn’t know, at that time, of the ‘Turing connection’, 
nor did I know anything about Alan Turing’s close friendship with David Champernowne when I 
was a student in the latter’s lectures in the Faculty of Economics and Politics at about the same 
time.  
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What I consider to be the ‘pièce de résistance’ of this chapter are the fine descriptions of Alan 

Turing’s fascination with, construction of machines and devising a method to calculate the values 

of the Riemann ζ-function (Decoded, pp. 110-112). 

‘A man called “Prof” by his friends - who knew he wasn’t a professor and so were teasing him 

gently ...’ (Decoded, 2015, pp. 7-8), was, anyhow, formally at least a Reader towards the end of his 

short, but eventful, life. But, surely, Alan Turing, with the benefit of hindsight to guide us, would 

have been appointed a Professor (of many subjects and departments, simultaneously) at various 

good - even very good - US, UK and other Universities, today! It is just that such formal 

appointments and recognitions may not have mattered so much for the humble Alan Turing24. 

Thus, chapter 6, appropriately titled Prof25, and chapter 7 with its Alice-like, playful - but not 

frivolous - title, Looking Glass War, are expert, and very personal, analysis and description of Alan 

Turing’s Bletchley Park life and contributions. In my opinion, these two chapters are analytically 

the most satisfactory, given the nature of the issues discussed - essentially a description of the work 

done at Bletchley Park on ‘decoding’ the Enigma. In this work, of course, Alan Turing played a 

crucial role and this is brought out, both with personal sensitiveness, admirable frankness and blunt 

analytical details. I cannot imagine any other writing, at this level of exposition, which is a better 

introduction to the complex technical issues surrounding much of the work done at Bletchley Park 

in cracking the Enigma code - both the long lead involved in the preparations and the eventual 

success of the enterprise. It is a story with which any seriously interested citizen should at least have 

a nodding acquaintance, just so that we do not forget the debt we owe to those dedicated people, at 

all levels, who contributed so much to the security and victory over the evil that Hitler and 

Mussolini spread. It is particularly welcome when so much is written about the Manhattan Project 

and the Pacific War, as if the Looking Glass War, with the Prof in a lead role in waging it, is any 

less important. 

                                                
24 The May, 1952, photograph (Decoded, 2015, p. 233) of the Ratio Club members who met at 
Peterhouse, shows Alan Turing - just two years before his tragic death - in his typical, humble, self, 
seated, almost non- descriptively, on the rough soil, without a sign of any kind of arrogance. This 
photograph was taken after the publication of The Chemical Basis of Morphogenesis (Turing, 1952) 
and also after his Ratio Club talk of 8th February, 1952, on The Chemical Origin of Biological 
Form. 
25 I should mention here, wearing my King’s College Economist’s hat, that the great Pigou, who 
was the straw man Keynes erected to personify what he - Keynes - called classical economics, was 
also referred to as the ‘Prof’. Champernowne had introduced Pigou to Alan Turing and there was 
deep mutual respect between them - rather like that between an earlier King’s genius, Frank 
Ramsey and Pigou (Hodges, 1983, pp. 208-9).  
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In telling the story, Dr. Dermot Turing gives us many personal vignettes, too - which is, partly at 

least, due to the way Alan Turing’s demeanour was predominantly innocent and childlike, even 

while remaining focused on solving the technical problem of cracking a code - i.e., mastering the 

age-old subject of cryptography, in its modern guises. 

The reader would be happy to read (Decoded, 2015, p. 123) that it was Alan Turing and ‘Doc’26 

Keen who coined the word Bombe27, ‘in homage to the Poles’, how Claude Shannon and Alan 

Turing met and befriended each other (ibid, p. 158), the actual use of Bayes’ Theorem in the work 

at Bletchley Park in analysing data - thus, also, a return to the work encapsulated in Alan Turing’s 

King’s College Fellowship dissertation (ibid, pp. 131-2) and an unsentimental narrative of a 

possible romance between Alan Turing and Joan Clark (ibid, pp. 136-9 - in a section appropriately 

titled Square root of minus one - i.e., an imaginary number)28. 

I particularly enjoyed the story of the coining of the words ‘bamburismus’, ‘bans’ and ‘decibans’ 

Decoded, 2015, p.133)29, which showed Alan Turing’s serious playfulness at its best30 - and no less 

that of the silver ingots, the malfunctioning bicycle chain, and earlier, the typical Alan Turing resort 

to ‘chaining the coffee cup’ (pp. 129-130; see also, Hodges, 1983, p. 209). Dermot Turing’s aside 

on the way Alan Turing reacted, in particular to the loose cog of the bicycle chain, may sound 

amusing, but it encapsulates a serious aspect of the great and humble man’s overall personality 

(Decoded, p. 130): 

                                                
26 Harold Hall ‘Doc’ Keen; the ‘Doc’ was because he carried his various work tools, papers, etc., in 
bag similar to the ones that Medical Doctors used to carry. Hodges uses the inverted commas when 
referring to ‘Doc’ Keen, but Dermot Turing does not. Dermot Turing adds (ibid) that ‘Doc’ Keen 
worked for, the British Tabulating Machine company which was ‘an ancestor of the computer 
company Fujitsu’. In 1991, as part of my (failed) attempt to set up the Center for Computable 
Economics (CCE). in the department of economics at UCLA, I visited Fujitsu in Japan with my 
beloved mathematics Professor at Kyoto University, Ryoichiro Kawai, to ask for a donation of the 
parallel processing computer they had just built. They were willing to do so, provided UCLA would 
donate matching funds for CCE. That request was denied by UCLA. One of Professor Kawai’s 
former students had become chief of the computer section of Fujitsu. CCE was later ‘hijacked’ by 
Axel Leijonhufvud who knew nothing about computability.  
27 The conventional opinion seems to be that it was the duo of Alan Turing & Gordon Welchman 
who had coined the word. 
28 I fully endorse the enlightened view of Martin Davis (2012, pp. xiii-xiv) on this relationship, and 
his dismissal of John Turing’s absurd reactions to it (in John Turing, 2012, p. 162). Dr. Dermot 
Turing is most refreshingly different from his Father’s - and, most likely, his Grandmother’s - 
prejudices against Joan Clark and her stillborn romance with Alan Turing.  
29 See also Decoded, 2015, p. 173, on Turingismus, in analogy with Banburismus! 
30 I wish Jaynes (2003, p. 116) was as ‘playful’ and did not take himself too seriously, especially 
because he is grossly unfair and incorrect bout Turing and de Finetti on Bayes. 
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“Every now and then the chain fell off the bicycle. A normal person would then take the 
machine to the garage and get it mended but for him this would be the absolute last 
resort.; a man ought to be able to confront the universe with his own bare hands and what 
God put inside his skull so he began to think about it.”31 

Jim Wilkinson, who graduated as a Trinity College Senior Wrangler in 1939, began working with 

Alan Turing, at the National Physical Laboratory (NPL) on the problem of ‘numerical solution to 

partial differential equations’ (Decoded, 2015, p. 196). He thought Alan Turing ‘a very impressive 

mathematician,’ who also ‘picked up ideas on numerical analysis’ - but (ibid, p. 197; italics added): 

“He was a lousy computer incidentally, one of the worst performers on a desk computer 
it’s ever been my misfortune to work with.”32 

Thus, this important, interesting and also somewhat melancholy - but between lines - eighth chapter 

is titled Lousy Computer! It is a natural sequel to the work done by Alan Turing at Bletchley Park, 

then at Hanslope Park, before embarking upon preparing the blueprint for ACE - the Automatic 

Computing Engine, at NPL - the National Physical Laboratory, which was developed parallel to 

the work done across the Atlantic on EDVAC - the Electronic Discreet Variable Automatic 

Computer, and the earlier, Moore School (University of Pennsylvania) construction by Eckert and 

Mauchy, ENIAC - Electronic Numerical Integrator and Computer33. This very personal aspect of 

the story of Alan Turing’s contribution to the design of ACE, his work and working environment at 

NPL, his troubled interactions with its Director, Sir Charles Darwin - the grandson of the more 

                                                
31 I am not sure Alan Turing would agree with the upper case G, nor that whatever it was in his 
‘skull’ was ‘put there’ by anyone, mortal or immortal. 
32 This reflects, alas, Donald Michie’s opinion of Alan Turing’s prowess in Chess (Decoded, 2015, 
p. 178; italics added): 

“[Alan Turing] was keen on playing chess, which he wasn’t very good at and, .... , I was, as 
it happens, the only person around [at Bletchley Park] who was bad enough.” 

I suppose there is a big difference between not being ‘very good at’ and being ‘lousy’!It was the 
same with GO (Hodges, 1983, p. 212): 

“Besides playing chess, Alan taught Jack Good the game of Go, and before long found 
himself being beaten at that as well.” 

My eleven year-old daughter beats me in Chess quite easily and it is only a matter of time before 
my eight year-old daughter also does so. Moreover, the LEGO Turing Machine that my elder 
daughter and I made was much more due to her nimbleness and expertise than mine. 
33 Economists would know the MONIAC - Monetary National Income Analogue Computer, the 
name Abba Lerner gave the device more traditionally known as the Phillips (Electro-Mechanical- 
Hydraulic) Machine, constructed by A.W. H. Phillips and Walter Newlyn, in 1949.(see Bollard, 
2016, for an excellent - and sympathetic - account of the adventures in economics that led to the 
construction of this machine by Phillips. It was, of course, not the first such machine - there was the 
(mechano-) hydraulic machine built be Irving Fisher and the subject of part 1 of his remarkable 
Ph.D dissertation at Yale University, in 1891 (Fisher, 1892). The Phillips Machine was built on the 
basis of Macrodynamic principles; the Fisher Machine was based on static, microeconomic, 
theories.  
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famous Darwin - and much else is told without fuss or sentimental trappings. But any reader who 

comes to this chapter without some knowledge of the history of computing, in the modern era, i.e., 

the post-Babbage era, would not find it easy to comprehend the full picture. I think a reading of this 

chapter, to benefit from its insights, would require some knowledge of Hodges (1983, chapter 6), 

Turing (1986), Carpenter & Doran (1977) and the Introduction to Turing (1986) by Carpenter & 

Doran 34. 

 

This Charles Darwin was instrumental in ‘burying’ Alan Turing’s subsequently important and 

famous - for better or worse - paper on Intelligent Machinery (Decoded, 2015, pp. 202-203). In 

commenting, wryly - I think - Dermot Turing hit the proverbial nail on its fragile head: 

“The whole idea of ‘intelligent’ machinery was causing sniggers at the numerically focused 
NPL. ... [Intelligent Machinery] bore no relation [according to the unimaginative and 
unsympathetic Darwin] to the role of the NPL’s Mathematics Division as the nation’s 
computing bureau; apparently Sir Charles’s real view was that it was a ‘schoolboy’s essay’. 
Intelligent Machinery was not to be published for another twenty years.” 

 
Alan Turing had written up that paper, on Intelligent Machinery, in September, 1947 (but see the 

facsimile copy, reproduced on the next page), during his final sojourn at King’s College, 

Cambridge. He had been ‘seconded’ to the College, partly to get him out of the ‘atmosphere at NPL 

[which was] becoming increasingly tense’ (ibid, p. 199). But any serious scholar of the original 

designer and architect of the blueprint of ACE, would have read that, in the last few pages of his 

Lecture to the London Mathematical Society on 20 February 1947 (Turing, 1986, chapter 3 partly 

quoted on pp. 200-201, in Decoded, 2015). Alan Turing linked learning, memory and intelligence, 

in man and machine - and this was exactly what the designers of Deep Blue did to defeat Gary 

Kasparov, exactly half-a-century later (Kasparov, 2010). 

 

 

 

 

 
 

Gary Kasparov during his rematch against IBM’s Deep Blue, 1997 

 

 

                                                
34 These two competent and sympathetic - to Alan Turing - authors date the ‘revelation’ of the 
secrets of the activities at Bletchley Park to Winterbotham (1974).  



 

17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Title page of Alan Turing’s Intelligent Machinery manuscript, dated July, 1948 
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A continuation of the quote from Intelligent Machinery, in Decoded, 2015, pp. 122-123, on 

studying a manifestation of Intelligence by a computing machine precisely in the context of learning 

and memory in playing Chess may not be out of place here (Turing, 1986, pp. 123-124): 

“As soon as one can provide a reasonably large memory capacity it should be possible to 
begin to experiment on these lines.  ... One might reasonably hope to be able to make 
some real progress with a few million [binary] digits [of memory capacity], especially if 
one confined one’s investigations to some rather limited field such as the game of chess. It 
would probably be quite easy to find instruction tables which would enable the ACE to 
win against an average player. Indeed Shannon of Bell Telephone laboratories  tells me 
that he has won games playing by rule of thumb: the skill of his opponents is not stated. 
But I would not consider such a victory significant. What we want is a machine that can 
learn from experience. The possibility of letting the machine alter its own instructions 
provides the mechanism for this, but this does of course does not get us very far. 
.... 
A human mathematician has always undergone an extensive training. This training may be 
regarded as not unlike putting instruction tables into a machine. One must therefore not 
expect a machine to do a very great deal of building up of instruction tables on its own. No 
man adds very much to the body of knowledge, why should we expect more of a machine? 
Putting the same point differently, the machine must be allowed to have contact with 
human beings in order that it may adapt itself to their standards. The game of chess may 
perhaps be rather suitable for this purpose, as the moves of the machine’s opponent will 
automatically provide the contact.” 
 

 
Thus spake a genius who had learned at the feet of Max Newman and G. H. Hardy, from Littlewood 

and Titchmarsh, from Whittaker and Watson, from Russell and Wittgenstein, and yet added ‘very 

much to the body of knowledge’ (although he made no fuss about it - nor does, to the credit of his 

nephew, Dermot Turing). 

 

These suggestions by Alan Turing were exactly those that were implemented by IBM in 

constructing the Deep Blue machine which defeated the great Gary Kasparov, who was deep 

enough to understand it and challenged the machine to play him again, so that he may learn what, 

and how, it learned from him - ad infinitum! The roles have been reversed, as Alan Turing no doubt 

foresaw. To prove an equilibrium in such a situation, using results from Computable Numbers, one 

would need to use a recursion theoretic fix point theorem, predicting the existence of a winning 

strategy for one of the players (man or machine), but - most likely - without providing an 

implementable algorithm to achieve that strategy. 

 

Frailty, thy name is (Sir Charles) Darwin (pace Hamlet)! 

The frontiers of machine learning may soon catch up to Alan Turing’s foresight - but he was never 

a good Chess player (see above). I think Alan Turing was too wise to suggest such machine learning 

is as easy for the game of GO - which, also he did not play well. Does this mean that learning is an 
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art that cannot be encapsulated in the conventional memory mechanisms of a man or a machine? 

Somewhere buried in the written (or unwritten) notes of Alan Turing, there would be suggestions, 

or at least provocative thoughts, on this issue as well. 

 

Max Newman’s letter to von Neumann, of 8 February, 1946 (Decoded, 2015, pp. 210-211),  is also 

prescient, anticipating, among much else, the Appel-Haken, computer-aided proof of the four-

colour theorem, thirty years later (Appel & Haken, 1976). But most importantly and underpinning 

the essential - if also melancholy - theme of this exceptionally well-written chapter is that through 

the poignant words of Max Newman, it is succinctly expressed (Decoded, 2015, p. 212): 

“I stole [Alan Turing} away, and made old [Sir Charles] Darwin very angry because I 
stole him away from NPL to come to Manchester.” 

 

Alan Turing resigned from NPL, in May 1948, and went off to work with his lifelong mentor and 

friend, Max Newman, at Manchester University, where he was appointed the Deputy Director of its 

Computing Machine Laboratory, and Reader. Sir Charles Darwin’s sorry letter to the Executive 

Committee of NPL, trying to explain the reasons for Alan Turing’s resignation from NPL is the 

kind of double-talk that was anathema to the humble and pure intellectual that Alan Turing was.  

 

Those who wish to read and learn about the mathematical (and engineering) architecture of ACE, 

can do so in many writings, these days. But those who want some insights into the way Alan 

Turing’s visions and views on the development of stored-program computers, especially his basic 

stance on the existence of a trade-off between technology and thought, in the path towards the 

realisation of this project, were ignored and he was marginalised, can do little better than read this 

chapter (in conjunction with the relevant sections of Hodges, 1983 and Carpenter & Doran, 1977). 

 

One final point I wish to make - and this is one that can only be read ‘between lines’ in Decoded, 

2015 and in Hodges, op.cit - is a point made, repeatedly, by Huskey (1984); see also Carpenter & 

Dorian, ibid and, in particular,  Decoded, 2015, p. 199): the Turing ‘architecture’ for a stored-

program computer, and the analogous one by von Neumann, were developed entirely 

�independently’ moreover, for reasons different from those given by Huskey, I am firmly convinced 

that Alan Turing’s design for the ACE had nothing to do with Womersley making known to Alan 

Turing the First Draft of a Report on the EDVAC, by von Neumann (Decoded, 2015, p. 185)35.   

                                                
35 von Neumann, even when he wrote a recommendation letter on behalf of Alan Turing, did not 
refer to Computable Numbers, which does not surprise me. After all, as Kuhn & Tucker (1958, p. 
108; italics added), point out: 
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Hindsight and history have vindicated Alan Turing’s vision - and Max Newman’s36. 

 

That Dermot Turing was well acquainted with the personalities and psychologies of some - perhaps 

even all - of the members of the ‘Bloomsbury’ group and also the origins and activities of the 

Apostles (in Cambridge,  see, for example, decoded, 2015, p. 232) is most cogently attested by the 

opening lines of chapter 9: 

“It was all Strachey’s fault. Not Lytton, arguably the most overt of the Cambridge 
Hellenistic homosexuals. or even his brother Oliver, who was more closely connected 
with Alan Turing ... as a senior codebreaker at Bletchley Park. This Strachey was 
Christopher, Oliver’s son, and another former student of mathematics from King’s 
College, Cambridge.  

 
Christopher Strachey’s passionate interest in devising machines to play (parlour) games, by 

examining the psychology of non-mathematical players and observing their behaviour, was his way 

of approaching the problem of learning in machines (cf., in particular, Hodges, 1983, pp. 442-443). 

So, this was a good omen for one aspect of Alan Turing’s visions and hopes for the Manchester 

Computer. Alan Turing’s talk at the Ratio Club37, on 7th December, 1950, on Educating a Digital 

Computer (cf., Decoded, 2015, p. 232) may well be a watershed event - that between his interest 

(sometimes as a propagandist, in the sense his Cambridge mathematics teacher, G. H. Hardy was, to 

irritate the clergy) in Intelligent Machinery and the nascent enthusiasms for a study and developing 

                                                                                                                                                            
“Once von Neumann was asked why he did not refer to the work of Ramsey, which might 
have been known to someone conversant with the field of logic. He replied that, after Gödel 
published his papers on undecidability and the incompleteness of logic, he did not read 
another paper in symbolic logic.” 

Quite apart from the obvious fact that all three of Frank Ramsey’s contribution to ‘logic’ 
were before ‘Gödel published his papers on undecidability and the incompleteness of logic’ 
(Ramsey, 1925, 1926 & 1928), I suppose, strictly speaking, Alan Turing’s computable 
numbers was a contribution to Metamathematics, rather than (classical) logic. Thus 
comment by von Neumann makes me think of Mathias (1992), who remarked - correctly, I 
think - that Bourbaki was ignorant of all developments in logic after the publication of 
Hilbert & Ackerman (1928), i.e., of even Gödel. 
36 Incidentally, as I once told my dear, late, friend Barry Cooper, I am the proud owner of the 
original hard cover edition of Max Newman’s signed copy of E.W. Hobson’s Theory of Functions 
of a Real Variable. Barry expressed, in his inimitably good-humoured way, ‘mock envy’! 
37 In Decoded, 2015, p. 232; italics added, this Club was described (and compared): 

“[The Ratio Club] was invitation-only, and slightly anti-establishment; perhaps a bit like 
the Apostles, except without the aesthetics, spies and pretentiousness.” 

I have long wondered why Alan Turing was not inducted as a member of the Apostles (I do not, of 
course, know whether it - the Cambridge Converzione Society, the original and formal name of the 
Cambridge Apostles - exists, today.  
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a theory of, the ‘emergence of form from formlessness’  or, ‘shape from shapelessness’ - i.., a 

theory of the chemical basis of morphogenesis hence the title of this, chapter, Taking Shape. 

 

My own dating of the ‘watershed’ is - based on a careful reading of the evidence in Hodges, 1983 

and Decoded, 2015 - is ‘the beginning of 1951’ (ibid, p. 234). I’ll return to the theme of Alan 

Turing’s fascinating and absolutely original contributions to a theory of Morphogenesis - of the 

genesis of form from formless structures or shape from shapelessness38- in the next section. 

 

As in every one of his pioneering contributions, as exposited in his published papers, from 

Computable Numbers (1936) to Solvable and Unsolvable Problems (1954), there were fundamental 

philosophical underpinnings to the theories (and computations) Alan Turing developed. Sometimes 

it was mathematical philosophy (cf., the Lecture to the London Mathematical Society in Turing, 

1986); at other times it was pure philosophy (for example as implicit in the notion of emergence - 

deriving from G.H. Lewes’s notion of emergents, itself arising from John Stuart Mill’s fertile 

distinction between heteropathic and homopathic laws, the former being non-algorithmic). 

 

The last three chapters, on the Machinery of Justice39 Unseen Worlds and the Epilogue are, perhaps, 

the most passionate, the most convincing and the most personal of this moving book. Here, I am 

convinced, the author does have new material, which he has interpreted with care and conviction, 

trying - and succeeding - to be fair and just to the man Alan Turing was, who, despite his genius and 

humility, was also acutely aware of his own ‘frailties’, when measured by the conventions of 

orthodox society and the merciless idiocy of the Machinery of (conventional) Justice. 

 
                                                
38 About a decade and a half ago, D. G. Kendall, et. al., (1999, p.ix; italics added), made the 
important point that: 

 “Everyone knows what is meant by ‘shape’. However, it is not a trivial matter to define 
shape in a manner that is susceptible to mathematical and statistical analysis and it is 
only over the last two or three decades that appropriate definitions have been developed 
and studied. “ 

But, as usual, the fertile approach of Alan Turing, did make it possible to analyse shape 
‘mathematically, statistically and numerically, using a judicious combination of approaches 
based on chemistry and computational innovations - almost six-and-a-half decades ago. This 
chapter on Taking Shape, in Decoded, 2015 (see the opening quote in the next section), 
gives also the background to the way Alan Turing formulated and approached the problem 
of the emergence of definable shape. 
39 In a typical, if also implicit, homage to Alan Turing, two of the important chapters of Decoded, 
2015 are titled MACHINERY of Logic and MACHINERY of Justice! 
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As a 

matter of 

fact, I 

believe 

that the 

wisdom 

expressed in these three chapters is best encapsulated in Dermot Turing’s poignant, but also visibly 

angry, aphorism (I cannot think of a better word to describe it), Decoded, 2015, p. 255 (emphasis 

added): 

“The received wisdom was bunk.” 

This ‘bunk’ was wholly responsible for the inhuman (I like to refer to them as ‘medieval’, but I am 

aware of enlightened laws of the Machinery of Justice even in those pre-enlightenment times) 

sentences, and their cruel implementation, in the case of Alan Turing (in the sense of ‘caso Alan 

Turing’, as in Italian). 

 

No posthumous pardons, however well-intentioned40, can undo the injustice done to Alan Turing 

who, as always, accepted the ‘justice’ (sic!) meted out to him with equanimity, good humour and 

regret. All this is described, sometimes dispassionately, but always convincingly, in these final 

three, chapters. 

 

 

 

 

 

 

 

 

 
                                                
40 That old adage comes to mind: 

‘The road to hell is paved with good intentions.’ 
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Albert Camus (The Plague (Stuart Gilbert translation), p. 125; italics added), expressed the 

meaning of what I think is the message in the last three chapters: 

“The evil that is in the world always comes of ignorance, and good intentions may do as 
much harm as malevolence, if they lack understanding.” 

 

Alan Turing, in his inimitably innocent way, unpretentiously, did his utmost to dispel ignorance and 

promote humane understanding. The two outstanding biographies, by Hodges (1983) and Decoded, 

2015, are exemplary guides - and, importantly also written with wry humour - to the way he tried to 

do this. I am always reminded of Antony’s characterisation of the noble Brutus (Caesar, Act 5, Sc. 

5) when biographies like those of Hodges and Dermot Turing paint a poignant portrait of a gentle, 

very independent, scholar.: 

“His life was gentle; and the elements 
So mixed in him, that Nature might stand up 
And say to all the world, ‘This was a man’.” 

 
§ 3. Some Frontiers of Research Inspired by Turing’s Orthogonal Trajectories 

“Reaction-diffusion and maths could explain sone of the basic observations about 
development of living organisms. And, what was more, it might be possible to go beyond 
the mere theory by using the Manchester computer to try out some numerical examples. 
That was going to be the next stage in Alan Turing’s work.” 
Decoded, 2015, p. 241; italics added. 

 

Andrew Hodges on What Would Turing Have Done After 1954? (Hodges, 2004), Solomon 

Feferman on Turing in the Land of O(z) (Feferman, 1994) Robert Soare on Turing and the Art of 

Classical Computability (Soare, 2013) and many other contributions in Cooper & van Leeuwen 

(2013) are all excellent visions of the ways in which the many facets of the various frontiers of 

research Alan Turing broached. How theories of these frontiers may evolve, along Alan Turing’s 

visions, are expertly discussed and important suggestions made, by many of the specialists in 

computability theory, mathematical logic, analytic number theory, developmental biology, 

algorithmic information and algorithmic complexity theories, type theory, group theory, machine 

intelligence and much else. 
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However, as Dermot Turing suggests, correctly in my view41, studying and theorising about living 

organisms ‘was going to be the next stage in Alan Turing’s work’ - ‘next’ after the series of 

pioneering contributions in Computable Numbers, Ordinal Logics, Enigma Decoding, the design of 

a stored-program architecture leading, first to the ACE and, subsequently, to the Manchester Baby 

(or Mark 1) computer and, of course, the series of papers leading on from Intelligent Machinery.  

 

The supreme published account of this ‘next stage’ was, of course, The Chemical Basis of 

Morphogenesis (Turing, 1952) - a mechanism for the genesis of form from formlessness, or shape 

from shapelessness, but within the context of a dynamical system. Two innovative concepts were set 

in their paces, within a reaction-diffusion model to generate form - inhomogeneity from 

homogeneity - in a typically simple, but also counter-intuitive, way: Turing Instability and Turing 

Bifurcation. The idea was absolutely audacious, that of associating ‘form’ with ‘inhomogeneity’ 

which, in turn, results from ‘irregularity’, leading to a dynamics due to an instability which was 

activated by a bifurcation (Turing, 1952, pp. 43-44; italics added): 

“If chemical reactions and diffusion are the only forms of physical change which are taken into 
account ... [and] if the system originally has no sort of geometrical symmetry but is a perfectly 
homogeneous and possibly irregularly shaped mass of tissue, it will continue indefinitely to be 
homogeneous. In practice, however, the presence of irregularities ... will, if the system has an 
appropriate kind of instability, result in this homogeneity disappearing.  

..... 

Unstable equilibrium is not, of course, a condition which occurs very naturally. It usually 
requires some rather artificial interference, such as placing a marble on the top of a dome. Since 
systems tend to leave unstable equilibria they cannot often be in them. Such equilibria can, 
however, occur naturally through a stable equilibrium changing into an unstable one. For 
example, if a rod is hanging from a point a little above its centre of gravity it will be in stable 
equilibrium. If, however, a mouse climbs up the rod the equilibrium eventually becomes 
unstable and the rod starts to swing.  

This is vintage Alan Turing, harnessing the playfulness of a mouse to theorise about the formation 

of patterns, due to a dynamics caused by an instability, brought by a bifurcation! Typically, very 

little in the form of conceptual depth or technical sophistication is invoked in the individual 

elements that go up to make the Morphogenesis - the inhomogeneity - actualise - but the way these 

elementary entities are put together, and made to work, is what is brilliantly innovative. To make 

instability due to a simple bifurcation work, so that form can be the outcome of a dynamic process, 

is very similar to the way degrees of unsolvability, taming of incompleteness by ordinal logics and 

                                                
41 Especially since, as we remind ourselves that Alan Turing thought ‘prediction must be linear’ 
(see next section)! 
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oracle computations, were generated via thoughts of the mechanism of a typewriter or through the 

unplayability of seemingly simple parlour games or tying and untying ostensibly trivial knots. 

Diffusion is, normally (or very often) and intuitively, meant to be a stabilising process. The finesses 

in Alan Turing’s originality was to challenge intuition - as he often did, to think ‘orthogonally’- so 

that, a diffusion mechanism can - counter-intuitively - lead to a destabilising process and, thus, 

generate inhomogeneous forms. The destabilising process, and its causes in a bifurcation (due to 

parametric evolution or dynamics), makes sense only as a dynamical system - which leads, 

eventually, to the need to solve partial differential equations (with natural boundary conditions).   

In his warm reminiscences of working with Alan Turing, who took him on as his research student in 

Summer, 195342, Bernard Richards43 reported that his task was:44 

“[T]o work on seeking a solution to [Alan Turing’s] Morphogenesis Equations on a sphere.  
 
These were not-easy-to-solve partial differential equations and: 
 

‘The algebraic solution [of Turing’s partial differential - Morphogenesis - equations] ran to 
some 30 pages in my thesis ....  .  
 

He, then, concludes in a poignantly melancholy way (italics added): 
 

“My work seemed to vindicate Turing’s Theory of Morphogenesis. These results were 
obtained in late June of 1954: alas Alan Turing died on 7th June that year (still in his prime 
aged 41), just a few days short of his birthday on the 23rd. Sadly, although he knew of the 
Radiolaria drawings from the Challenger voyage45, he never saw the full outcome of my 
work nor indeed the accurate match between the computer results ... and  Radiolaria.”46 
 

In the related problem of Phyllotaxis, there is a ‘stunted’ quote from a letter Alan Turing wrote 

(presumably) to H. S. M. Coxeter, on 28th May, 1953, in Decoded, 2015, p. 261 (see also Coxeter, 

1989, § 11.5) . I think in this case the ‘stunted’ quote is slightly misleading on the kind of dynamics 

Alan Turing was trying to generate. The full quote in (Coxeter, 1972, p. 167; italics added): 

According to the theory I am working on now there is a continuous advance from one pair of 
parastichy numbers to another, during the growth of a single plant . . You will be inclined to ask 
how one can move continuously from one integer to another. The reason is this-on any specimen 
there are different ways in which the parastichy numbers can be reckoned; some are more 
natural than others. During the growth of a plant the various parastichy numbers come into 
prominence at different stages. One can also observe the phenomenon in space (instead of in 
time) on a sunflower. It is natural to count the outermost florets as say 21 + 34, but the inner 

                                                
42 Decoded, 2015, p. 276. 
43 Emeritus Professor of Medical Informatics, University of Manchester. 
44 A slightly different quotation from an alternative Richards reminiscence is quoted in Decoded, 
2015, pp. 278-279. 
45 See Decoded, 2015, pp. 278-9. 
46 There are NO page numbers in this important reminiscence.  
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ones might be counted as 8 + 13. Church is hopelessly confused about it all, and I don’t know 
any really satisfactory account, though I hope to get one myself in about a year’s time.  

In this case, of dynamics between integers, I think Alan Turing realised that he had to work out of a 

‘non-Euclidean’ space - with a deeper concept of ‘orthogonality’! It is clear from the last two 

italicised phrases that he felt he had to go ‘beyond’ bifurcation and instability and he estimated a 

‘hope’ to be able to ‘get [a] satisfactory theory in about a year’s time’. Alas, ‘in about a year’ he 

was no longer around! Whether there are speculative notes on a ‘satisfactory theory’ of dynamics 

between two integers, in Alan Turing’s unpublished notes, I don’t know - and neither was I able to 

discern any possible hints from Hodges (1983) or Decoded, 2015. 

Next, there are Alan Turing’s two published papers on the Riemann ζ-function, the earlier of which 

introduced what is now called Turing’s Method (Turing, 1943), and the later one was his 

penultimate published article during his short life (Turing, 1953). Characteristically elegant and 

informative aspects of the very personal and idiosyncratic way Alan Turing went about tackling the 

problems involved in studying the Riemann ζ-function can be found in Decoded, 2015, pp110-112 

(including excerpts from an amusing letter from Champernowne). From at least 1932, till his death, 

Alan Turing worked on various aspects of the Riemann ζ-function - which is not surprising in a 

Cambridge Mathematician, who was taught, ‘mentored’ and befriended by Hardy, Littlewood, 

Titchmarsh and Ingham47. Turing’s Method originated a whole new field of Number Theory - 

Computational Number Theory - but I prefer to refer to the field as Algorithmic Number Theory48 - 

fully more than about forty years after the publication of Turing (1943). My conjecture here is that 

the Turing Method will play a significant role in the ‘solution’ - positively or negatively - of the 

Riemann Hypothesis. Hence it will remain at the research frontiers for the foreseeable future (by 

which I mean at least two or three generations of doctoral student’s research, spanning about two 

future decades). 

                                                
47 Hodges (1983) is particularly exemplary in the many facets of Alan Turing’s interest in, and 
contributions to, the ideas around the Riemann ζ-function and the concomitant Riemann Hypothesis. 
It is most likely, as suggested by Hodges (ibid, p. 133), that Alan Turing’s maturing interest in 
contributing to the resolution of these twin issues was deeply influenced by Ingham (1932), a copy 
of which he possessed from 1933 onwards. But, then, he would also have been taught by 
Titchmarsh, and from the classic by Whittaker & Watson (1927) (most probably from the fourth, 
1927, edition - which even I own a copy of, and was taught from, in old Ceylon). The first of 
Hardy’s famous list of six New Year wishes sent out in the 1920s, was: ‘Prove the Riemann 
Hypothesis’ (the fourth has since been achieved by Hillary and Tensing and also the sixth - ‘Murder 
Mussolini’ - and some version of the fourth, too, has been achieved. The Riemann Hypothesis 
figured prominently in both Hilbert’s 23 Problems of 1900 and the Millennium Prize List. 
48 I myself understood the proof of a version of the prime number theorem via the algorithmic 
complexity device of the incompressibility method (cf. Li & Vitanyi, 1993). 
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In a similar vein Alan Turing’s work on an algorithmic approach to determining Normal Numbers 

(Turing, 1992 - put together, first by Robin Gandy, from unpublished notes, written on the back of 

another manuscript, and published only in 1992 - i.e., most likely about sixty years after the original 

notes were made by Alan Turing, inspired by his friend Champernowne’s undergraduate 

publication  of 1932). The idea of proof in this paper, is in determining the algorithmic construction 

of absolutely normal (real) numbers, in [0,1], with a Lebesque measure of unity. From the proof 

technique Alan Turing sketched in these non-organised, unpublished, manuscript will, I think, 

enable scholars at the frontiers of research in algorithmic number theory to carve out new ideas for 

determining not only properties of Normal numbers but also device techniques for developments in 

cryptography. This will, I conjecture, link up with Alan Turing’s work on decoding the Enigma 

machine.  

In any case, I can vouchsafe for the way the Riemann Hypothesis, Riemann ζ-function and Normal 

Numbers have influenced my own work and research in Computable Economics. 

 

§ 4. Reflections on a Lamp of Genius that Burned So Bright 
“... Alan [Turing] in whom the lamp of genius burned so bright - too hot a flame perhaps it 
was for his endurance. He was so unversed in worldly ways, so childlike, it sometimes 
seemed to me, so unconventional so non-conformist to the general pattern. His genius 
flared because he had never quite grown up....  .” 
Decoded, p. 29749   

 

Alan Turing is remembered, both for his personal integrity, humility and generosity, but also for his 

pioneering intellectual contributions to at least ten different fundamental eternal research frontiers: 

(un)computability, undecidability, (un)solvability, degrees of solvability, ordinal logics to tackle the 

conundrums of Gödel’s incompleteness results, the stored program computer architecture, pattern 

formation is living organisms, mechanical (artificial) intelligence, computing algorithms for 

deciding inequality limits and ranges for calculating Riemann’s ζ-function, algorithmic procedures 

for determining normal numbers - and much else.  

 

I myself identify the Turing Machine, Turing Computability, Turing Degrees, Turing Reduction, the 

Turing Test, Turing Bifurcation, Turing Instability, the Turing Method and the Turing Award,  as 

those eternal definitional phrases that encapsulate whole fields of research results and, a fortiori, for 

                                                
49 Quoting from a letter by Sir Geoffrey Jefferson, to Alan Turing’s Mother, written in October, 
1954 (deposited in the King’s College Archive, AMT/A/16, cf. Decoded, 2015, p. 320). 
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the way they - together with those mentioned in the previous paragraph - have determined the 

methodology and epistemology of research. at shifting frontiers of a ‘dozen’ fields. 

 

Alan Turing’s publishing career, during his life, spanned almost exactly nineteen years - from 1935 

to 1954. In these almost one score year(s), he gave birth to nineteen ideas, concepts and 

frameworks, none of which having his name were of his coining; he was too modest, too humble for 

such grandiose gestures. As Hodges (1983, p. 496), perceptively noted: 

“[T]here was no clear pattern of decline or failure in his intellectual life ... . It [the last 
years] was rather a fluid, transitional period such as had occurred before in his 
development, and this time accompanied by a wider range of interests, and a more open 
attitude to intellectual and emotional life.” 50   

 

Was there a unifying theme, an expressed or identifiable, philosophy - at least of mathematics - 

discernible in these fundamental works, or were they ad hoc reactions to problems that were posed, 

or tackled, sequentially? Respected, sympathetic, scholars who have made a deep study of Alan 

Turing’s ‘life & times’, who have also contributed to shifting the frontiers that were defined by his 

works seen to agree that there was no explicit (mathematical) philosophy that held the many 

splendoured works together. At best there were some possibilities to group together reasonably 

‘homogenous’ writings, such as computable numbers and ordinal logics, the series of papers on 

mechanical or machine intelligence (these days referred to as varieties of Artificial Intelligence0, 

those on morphogenesis and phyllotaxis, the analytic number theoretic contributions, periodic 

attempts towards vistas of a constructive possibilities towards to number theoretic issues (eg., 

normal numbers) and mathematical logic (including also group theoretic contributions in this 

category). 

 

Solomon Feferman, who has contributed immensely towards furthering some of the frontiers 

determined by Alan Turing’s work - particularly Ordinal Logics (Feferman, 1994, p. 121), 

suggested that (reflecting, I think, a view held by both Hodges and Dermot Turing): 

“Turing never tried to develop an overall philosophy of mathematics ...  .” 

                                                
50 Contrast this with G.H.Hardy’s view (Hardy, 1940, p. 10), that: 

“No mathematician should ever allow himself to forget that mathematics, more than any 
other art or science, is a young man’s game.” 

And he went on (ibid, p. 11): 
“Galois died at twenty-one, Abel at twenty-seven, Ramanujan at thirty-three, Riemann at 
forty.” 

I am sure he would have added ‘... and Turing at forty-two”, had he lived long enough. On the other 
hand, Alan Turing, surely, was not only a mathematician! 
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I beg to differ, in a very specific sense. I think there is a philosophy, an epistemology and a 

methodology of scientific (thereby also philosophy of science) and mathematical analysis in the 

way Alan Turing tried to carve out his unique way of problem solving. For example, in Turing 

(1939, pp. 213-214; bold italics added) he writes:  

 

“Mathematical reasoning may be regarded rather schematically as the exercise of a 
combination of two faculties, which we may call intuition and ingenuity. The activity of the 
intuition consists in making spontaneous judgments which are not the result of conscious 
trains of reasoning. These judgments are often but by no means invariably correct (leaving 
aside the question what is meant by "correct"). Often it is possible to find some other way 
of verifying the correctness of an intuitive judgment. We may, for instance, judge that all 
positive integers are uniquely factorizable into primes; a detailed mathematical argument 
leads to the same result. This argument will also involve intuitive judgments, but they will 
be less open to criticism than the original judgment about factorization. I shall not attempt 
to explain this idea of "intuition" any more explicitly.  

The exercise of ingenuity in mathematics consists in aiding the intuition through suitable 
arrangements of propositions, and perhaps geometrical figures or drawings. It is intended 
that when these are really well arranged the validity of the intuitive steps which are required 
cannot seriously be doubted. 

.... 

The parts played by these two faculties differ of course from occasion to occasion, and from 
mathematician to mathematician. This arbitrariness can be removed by the introduction of a 
formal logic.”  

I like to think that the bold italics are a concession to Brouwer’s program! A decade and a half 
later, in his last published paper on Solvable and Unsolvable Problems (Turing, 1954, p. 23; 
italics added), his concluding two sentences in that remarkable essay were: 

“The results which have been described in this article are mainly of a negative character, 
setting certain bounds to what we can hope to achieve purely by reasoning. These, and some 
other results of mathematical logic may be regarded as going some way towards a 
demonstration , within mathematics itself, of the inadequacy of ‘reason’ unsupported by 
common sense.” 

The discerning reader, and a connoisseur of Alan Turing’s works, would note that ‘formal logic’ 

has been replaced by ‘mathematical logic’ and the dichotomy between intuition and ingenuity 

are, now, that between common sense and reason - but, for the rest, the implied philosophy and 

methodology are the same.  

Of course, Computable Numbers is rich in philosophical and epistemological arguments for 

convincing the reader (especially in § 9 of Turing, 1936) of the soundness of the principles 

underpinning the model of the (Turing) Machine he constructed (theoretically) with the specific 

purpose of resolving Hilbert’s Entsheidungsproblem. 
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Then, there were those methodological aphorisms, expressed in ultra-brief postcards to Robin 

Gandy (Hodges, 1983, p. 495): 

• ‘Quantum mechanists51 always seem to require infinitely many dimensions; I don’t think I can 
cope with so many - I’m going to have about a hundred or so - that ought to be enough, don’t 
you think?’ 

• Description must be nonlinear, prediction must be linear.’ 

I don’t think Alan Turing subscribed to any kind of Platonism in mathematics, or its philosophy; 

nor was he an unalloyed Brouwerian - but he may have been closer, in his philosophical and 

epistemological practices, even if not thought, to the latter (than to the other two of the orthodox 

triptych of schools of metamathematics). With the modern and burgeoning developments of 

category theory, topos theory and smooth infinitesimal analysis, I think a plausible story can be 

made along these lines.  

This, and other - in my opinion, more cogent - reasons makes me wonder whether Alan Turing’s 

philosophy of mathematics should not be viewed in terms of a methodology of Problem Solving - 

human and machine. His first, and still most famous paper, has as part of its title: 

Entscheidungsproblem; his last published paper is on Solvable and Unsolvable Problems. In 

between, every significant contribution by Alan Turing was motivated by a problem that was posed 

- either by someone advising him, like Alonzo Church, for Ordinal Logics, or an urgent social 

requirement, like cracking the Enigma code, or constructing the first stored-program computer, and 

so on -  for him to resolve (or solve).  

This is why I am of the opinion that Alan Turing may have been closer to some form of 

intuitionistic-constructive mathematical philosophy. It was masterfully encapsulated in 

Kolmogorov’s succinct enunciation (Kolmogorov, 1932, p. 58, p.65; bold italics added): 

“In addition to theoretical logic, which systematise the proof schemata of theoretical truths, 
one can systematize the schemata of solution of problems, for example, of geometrical 
construction problems. 

........   

The calculus of problems is formally identical with the Brouwerian intuitionistic logic, 
which has recently been formulated by Mr Heyting.  

....   

                                                
51 Note: ‘quantum mechanists’ - not ‘quantum mechanics’! 
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[I]t follows that one should consider the solution of problems as the independent goal of 
mathematicians (in addition to the proofs of theoretical propositions). 

Hardy and Hilbert would consider themselves mathematicians whose goal was proof of theoretical 

propositions. Heyting (1930), as we now know, went through the axiom schemata of the Principia 

Mathematica, deleted those laws of ‘theoretic logic’ that appealed to non-Brouwerian precepts (like 

the indiscriminate use of the tertium non datur), and suggested that the ‘remainder’ should form an 

intuitionistic logic. Kolmogorov’s, and hence what came to be the BKH - Brouwer-

/Kolmogorov/Heyting - interpretation of intuitionistic logic, would come to be the (mathematical) 

logic underpinning the calculus of problems52. 

However, as ably - and convincingly - argued by Hodges and Dermot Turing, Alan Turing was not 

an intellectual who could easily be pigeon-holed, especially in any conscious, systematic, way.  

Dermot Turing concludes in an understandably melancholy - yet also in a convincingly justified -  

way, quoting Robin Gandy (Decoded, 2015, p. 295): 

“Robin Gandy said - and he, as the closest of Alan’s friends, knew best - ‘Some things are 
too deep and private and should not be pried into’. And I think we should now accept his 
advice.” 

I agree without reservation. 

APPENDIX: A Personal Postscript 
“13th March, 2011 
Dear Vela 
Of course I remember you. .... 
....... 

It was a great pleasure hearing from you after all these years. They were great days those 
early days of the PREM53 project. 
Yours sincerely 
John Westcott” 
 

Two days earlier, on 11th March, 2011, I had written to Professor John Westcott as follows: 

                                                
52 I am not sure Brouwer was entirely happy with what Heyting did, nor am I convinced that Alan 
Turing would subscribe to BKH interpretation of intuitionistic logic; but I make this suggestion as a 
kind of first approach to trying to find a framework to discuss Alan Turing’s coherent approach to 
the solution of problems. Of course, one has to be more precise about the meaning of ‘solution’ and 
‘problems’, just as the need to be clear about the meaning of ‘correct’!  
53 PREM: Programme of Research in Econometric Methods; this was a project, mainly, in the 
department of Computing and Control, Imperial College, directed by Professor John Westcott, ably 
assisted by Dr. Berc Rustem (as he was, then). Nominally, it was a joint project with the department 
of economics at Queen Mary College, with Professor Maurice Peston as a (nominal) Co-Director 
with Professor Westcott.  
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Dear John, 
You will be most surprised - I hope not unpleasantly - to receive this note from me, after almost 
35 years since we last met! 
First of all, I hope you are well and as active as ever. .... 
I wonder whether you would feel able to let me see you and talk to you - essentially about your 
memories of Alan Turing during your shared times as Members of the Ratio Club. 
I am a member of the Turing Centenary Advisory Committee (TCAC)54 ... . 
I note, from the article by Philip Husbands and Owen Holland, in the book: The Mechanical 
Mind in History, p.98, that you and Turing spoke on 21 April, 1950!!... 
I hope you remember me, as one of your research assistants during the days of PREM at 
Imperial College, in 1975/76. I came from Cambridge and, eventually, went back to Cambridge 
to succeed Richard Goodwin at Peterhouse. In the above book I also found a lovely photograph 
of the Ratio Club members at Peterhouse, in May, 1952! 
I look forward to hearing from you. 
With warmest and fond memories and wishes, 
Sincerely, 
Vela (Velupillai) 

 
Alas, by the time I finally managed to get to the UK, in December, 2015, John Westcott had passed 
away. 
 
On 21st April, 1950, Alan Turing and John Westcott, at the eighth recorded meeting of the Ratio 

Club55, gave ‘Introductory talks’. At the 14th and 21st meetings of the Ratio Club, on 7th 

December, 1950 and 8th February, 1952, Alan Turing gave talks on Educating a Digital Computer 

and on The Chemical Origin of Biological Form56, respectively. The latter was Alan Turing’s last 

recorded presentation to the Ratio Club. At the 24th meeting, on the 19th of June, 1952, John 

Westcott gave a talk on The Logic of Discrimination. 

 

In May, 1976, I was hired by John Westcott to be a Research Assistant for the PREM group, 

assisting also Dr. Berc Rustem, a Research Fellow (at that time), in the group. My first published 

paper as a member of PREM was jointly co-authored with Dr. Rustem and Professor Westcott 

(most - if not all - of the hard work was done by Dr. Rustem). That led to further work on the 

computational complexity of decision processes in macroeconomic contexts and it was my own first 

                                                
54 Of which Barry Cooper - who on the recommendation of my friend, Dr. Hector Zenil of 
Wolfram, Inc., made me a member of TCAC - was the Head and chief organiser.  
55 See Husbands, et al., (2008), p. 102, ff., for an explanation of the coining of the word Ratio. 
56 In Decoded, 2015, p. 239 (italics and bold emphasis, added), Dermot Turing outlines the 
‘timeline’ of Turing (1952): 

‘With his new status as a fellow of the Royal Society, Alan’s ground-breaking paper on The 
Chemical Basis of Morphogenesis was ‘officially published [on 14th August, 1952]in the 
Philosophical Transactions of the Royal Society.’ 

The paper had been submitted in November, 1951 (Swinton, 2004, p. 481). Alan Turing was, in 
fact, elected in March, 1951, which means that his second talk to the Ratio Club was given as a 
Fellow of the Royal Society (FRS). 



 

33 

experience with a field that had emerged from the pioneering work of Alan Turing on computability 

theory in general and, in particular, the Turing Machine model of computation. 

 

Thus, it is that Alan Turing’s work has been important for me for forty years.  

 

In April, 1985, I had in my hand Hodges (1983), which I read ‘without stopping’, in less than a 

week. I was, then, a Professor at the European University Institute, in Fiesole, which was, 

essentially, a Research Institute: there were no obligations to lecture. But I announced a series of 

lectures on ‘Alan Turing - the Man and his Machine’, as a background to a course on Computability 

Theory. The series of lectures was to take place in May, 1985. Exactly one person signed up for the 

course, and she did so thinking the course was about Touring Machines. The course did not take 

place. 

 

During the first half of 1987, I spent two quarters as a Visiting Professor in the department of 

economics at UCLA. That was a watershed year for me, in terms of my sustained work and 

approach to economics in terms of computability theory (and eventually, also, constructive 

mathematics). I wrote my first two papers on what I later called Computable Economics, and have 

never stopped writing on the subject since then - i.e., for almost thirty years. 

 

In 1991, at UCLA, I coined the phrase Computable Economics and a Center for Computable 

Economics (CCE) was instituted within the department of economics at the University. I was its 

founding Associate Director and (mostly) in charge of the advanced seminar series we organised 

under the auspices of CCE. I took the opportunity and the availability of some funds to invite Greg 

Chaitin, Jorma Rissanen, Piergiorgio Odifreddi, and biased with a few senior scholars, at UCLA, 

who were working on computability and computational complexity issues - primarily under the 

influence of Professor Sheila Greibach.  

 

In all this I was ably assisted and supported by my friend (and former student), Stefano Zambelli 

now a Full Professor at the University of Trento. 

 

We organised, with the collaboration of the late Professor Helge Brink, the first summer school on 

Computable Economics at Aalborg University, Denmark, in summer, 1992.  
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In May, 1994 I gave the invited Arne Ryde Lectures at the University of Lund, in Sweden. The 

lectures were published in book form by Oxford University Press, with the title Computable 

Economics, in 200057. 

 

Doctoral students working with me had begun to write their theses on one or another aspect of 

Computable Economics, from about 1992.  

 

I continued to organise workshops, summer schools and seminars on Computable Economics, 

regularly, at the University of Trento and the National University of Ireland at Galway, from about 

2001 for the subsequent decade, or so (I left NUI Galway, as an Emeritus Professor, in August 2008 

and remained a Full Professor at the University of Trento till I opted for early retirement in 2015). I 

gave one semi-advanced course on Computable Economics at NSSR, in New York, in 2014. At the 

end of the academic year 2014/15, I also relinquished my Distinguished Professorship in 

Economics at NSSR. 

 

Meanwhile, my last two doctoral students, at the University of Trento, continued to work on aspects 

of computable and constructive economics in general, and on Alan Turing’s contributions in 

particular. They completed their individual doctorates in 2014 and since then I have gradually 

withdrawn from the formal academic world. 

 

For the last thirty years, my friend, former student, former colleague and fellow Computable 

Economist, Professor Stefano Zambelli has sustained my work in many fertile ways. This is also 

true of my other PhD students who are also involved with Computability Theory, broadly defined. I 

wish to acknowledge the help and inspiration I have derived, on Computability Theory and Alan 

Turing, from Professor Shu-Heng Chen, Dr. Francesco Luna, Dr. Cassey Lee, Dr. 

Navaneethakrishnan Dharmaraj, Dr. Venkatachalam Ragupathy and Dr. Ying-Fang (Selda) Kao. 

Together, we started the Algorithmic Social Science Research Unit (ASSRU), five years ago, first 

within the economics department at the University of Trento, and now as an independent website. 

After my OUP book of 2000, I published another one on a related theme, with Routledge, in 2010 

(Computable Foundations for Economics). I also edited a couple of books on similar issues, one 

published by Balckwell Publishing of Oxford (Computability, Complexity and Constructivity in 

Economic Analysis) and the other by Edward Elgar in 2011, a volume edited with the collaboration 

                                                
57 OUP ‘lost’ or ‘misplaced’ the original manuscript of the lectures, which I had sent them in early 
1997! I then re-wrote the whole thing again. 
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of two of my former students, Stefano Zambelli and Stephen Kinsella (Computable  Economics). I 

also edited special issues of a variety of reasonably good Journals on one or another aspect of 

Computable Economics. I contributed three essays to the important Cooper & van Leeuwen (2013) 

volume on Alan Turing: His Work and Impact58. My essays were on the Wittgenstein-Turing 

discussions, on Turing (1952) and Turing (1954). I also wrote two papers dedicated exclusively to 

Alan Turing in the journals Economia Politica (April, 2013) and the Interdisciplinary Journal of 

Economics and Business Law (Vol. 4, # 1, 2015).  

 

Stefano Zambelli edited a volume of essays, in a Festschrift form, on Computable, Constructive 

and Behavioural Economics (Routledge, 2010) and Shu-Heng Chen edited a special issue of the 

journal New Mathematics and Natural Computation, in March, 2012, Constructive and 

Computable Analysis in Mathematical Economics and has made available the pages of the journal 

for articles on computability and computational complexity in economics, for example, Max 

Euwe’s 1928 classic on Constructive Game Theory is forthcoming in this Journal..  

 

Finally, let me end this very personal story with the words of Herbert Simon, not only an 

Economics Nobel Laureate, but also - jointly with Alan Newell - a distinguished recipient of the 

ACM Turing Award. who in a letter to me (25 May, 2000), after having read Computable 

Economics, wrote: 

“I was delighted and impressed by the mileage you could make with Turing Computability 
in showing how nonsensical the Arrow/Debreu formulation, and others like it, are as bases 
for notions of human rationality. Perhaps this will persuade some of the formalists, where 
empirical evidence has not persuaded them, of what kinds of thinking humans can and can’t 
do – especially when dealing with the normative aspects of rationality. .... 
....I am sure that you will be able to interpret these very sketchy remarks, and I hope 
you will find reflected in them my pleasure in your book. While I am fighting on a 
somewhat different front, I find it greatly comforting that these outer ramparts of 
Turing computability are strongly manned, greatly cushioning the assault on the 
inner lines of empirical computability.” 
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