Turing machines rule?

⇒ Community-dependent some personal observations....

• Historians?

• Programmers?

• Engineers?

• CS students in country x?

• Formal methods people?

• Philosophers? 

TM -thé model of computing

Theory: Thé ultimate model of computability? [I]t was Turing alone who [...] gave the rst convincing formal denition of a computable function (Soare, 2007) • Appeal to intuition The real question at issue is What are the possible [human (m.i.)] processes which can be carried out in computing a number? (Turing 1936) • Universal Turing Machine concept

• Argument by conuence huge number of formalism turned out to be equivalent Practice: Thé ultimate model of the modern computer?

• Stored program machine concept: ``The universal machine is a storedprogram machine; that is, unlike Babbage's al-purpose machine, the mechanisms used in reading a program are of the same kind as those used in executing them (Gandy 1988) • Interchangeability of hardware and software: [W]e have often simplied the circuit at the expense of the code (Turing 1947) ⇒ Epistemological reasons that cannot be isolated from socio-historical forces TM -the ultimate model of computability? The original...

• Turing's thesis The computable" numbers may be described briey as the real numbers whose expressions as a decimal are calculable by nite means. [...] According to my denition, a number is computable if its decimal can be written down by a [computing] machine.

⇒ No halting problem in classical sense `normal' (Turing)-computation is innite computation

• Basic operations? [...] so elementary that it is not easy to imagine them further divided (Turing 1936) Quintuple notation: q i , S j : S k M q i,S j ⇒ Compound of move and print

• Implicit and explicit conventions/restrictions: Two types of squares (F and A) and two kinds of symbols

The sequence computed (F -squares) cannot be changed The machine will never print a symbol on an empty F -square if the F -square preceding it is also empty One-way innite tape ⇒ spurious Turing convention (Post 1947) TM -the ultimate model of computability?

In the meantime in 1936... Quadruple notation: q i S j Lq ij ; q i S j Rq ij ; q i S j S k q ij ; two-way innite no alternate squares markers are special symbols halts (when a q i S i is reached for which ther is no quadruplet) ⇒ A number of comparisons with [2] will occur to a reader of that note ⇒ An appendix: [I]t seems to the writer that Turing's preoccupation with computable numbers has marred his entire development of the Turing machine. We therefore suggest a redevelopment of the Turing machine based on the formulation given in the body of the present paper Why then are we talking of thé Turing machine and not, for instance, the Post-Turing machine?

TM -the ultimate model of computability?

Why not Post's machine? Epistemological explanations it is often and erroneously written (Kleene [1987b, p. 56], and[1981, p. 61]) that Post's contribution here was essentially the same as Turing's, but in fact it was much less. This derives from the idea of a symbolic logic rather than that of an algorithm, and may be described by saying that each member of the set is at some time generated [Produced, created, in 
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abaP 3 b ababaaaaaababab .... and Normal form:

g i P i 1101P i 110111011101000000 produces P i g i P i 001 11011101000000001
Post's thesis I Any nite sequence of symbols that can be generated by some nite process can also be generated by a system in normal form

TM -the ultimate model of computability? Why not Post's machine?

• Appeal to intuition? [for the thesis to obtain its full generality] an analysis should be made of all the possible ways the human mind can 

• Technique II (automation): sequencing, loops and discrimination

The advent of large-scale digital computers has added a fth operation of considerable importance, namely discrimination. This, in general terms, is the operation of making a choice of one of several brances of program (or course or procedure), depending on the outcome of a previous calculation. This operation is peculiar to discrete-variable machines since its outcome is not continuous. The purely analogue machine cannot distinguish the larger of two suciently small numbers, or the sign of either. • symbolization of program instructions (used already with Mark 1 and Bell lab machines)

• storage of numbers and programs in an electronic medium corollary of high-speed -does not require logical insight solvable by computing machines, we do not need to consider an innite series of computers of greater and greater complexity but may think only of a single machine. Even more surprising than the theoretical possibility of such a `best possible' computer is the fact that it need not be very complex. The description given by Turing of a universal computer is not unique.

Many computers, some of quite modest complexity, satisfy the requirements for a universal computer. • Generated sets of nite sequences of letters -symbolic reasoning (Post 1921) • Human computation of real numbers (Turing 1936) • Finite combinatory processes that solve problems in a nite number of steps (Post 1936) • ....

• Computation by a machine (cfr Gandy's work)

• Interactive computation

• (Articial) intelligence
⇒ Are these all the same (without opposing CTT)?

= models ⇒ = Uses Some examples from early programming practices A syntactical theory of language:

• Backus-Naur form: It was only in trying to describe ALGOL 58 that I realized that there was trouble about syntax description. It was obvious that

Post's productions were just the thing [m.i.], and I hastily adapted them to that use. (Backus, 1981) <letter string> ::= <letter> | <letter string><letter>

<letter> ::= A | B | C | D | E | F | G | H | I | J | K | L | M | N | O | P | Q | R | S | T | U | Y | W | X | Y | Z
• Patterson and Burroughs company: We are interested in your productions and your theory of canconical languages, which appeal to us as possibly the most natural approach to the theory of computabiliy from the standpoint of one interested in syntactical machines.

(letter to Post, Dec. 17, 1952)

• Chomsky and formal language theory: [...] when I came across Post's work (in Davis) it was obvious that this was a good framework for systems of the sub-recursive hierarchy that could be adapted to the study of language, specically context-sensitive and context free grammars (personal communication, 2005) = models ⇒ = Uses Some examples from early programming practices Towards a mathematical science of computation • Enables the reconnecting of dierent pratices and views through history fundamental in computing

• Be realistic about ones own practice: not only driven by pure science but shaped by complex socio-historical process

• One should not get stuck in one (class of ) model(s) it shall and will limit your thinking cfr debates on hypercomputability

⇒

  Each community has their own favourite models and heroes.... ⇒ If we want a more diverse understanding of computing, need to step away from what we are taking for granted... TM -thé model of computing Theory: Thé ultimate model of computability ⇒ Church-Turing thesis, v.1 Any computable function is Turing computable Practice: Thé ultimate model of the modern computer ⇒ Church-Turing thesis, v.2 Anything that can be computed (by a TM) can be computed by a computer = Computability thesis: Equivalence class of formalizations of computability that impose a basic theoretical limit on what can be computed protection against computationalism ⇒ Why the TM and not e.g. λ-calculus? Part I: Why thé model L. De Mol

(

  A) Perform one of the operations (O 1 O 4 ) and go to instruction d j (B) Perform operation O 5 and according as the box the worker is in is marked or unmarked follow direction d j or d j . (C) Stop. TM -the ultimate model of computability? ...and Post's work on Thue's problem (1947) • Use of the Turing machine (cfr Church's review) but in modied form, viz. formulation 1:

  [...] Post did not attempt to prove that his formalism coincided with any other formalism [...] Post gave no hint of a universal Turing machine. Most important, Post gave no analysis, as did Turing, of why the intuitively computable functions are computable in his formal system. (Soare 2009) ⇒ Countered if one knows more about Post's history which was essentially neglected or forgotten... TM -the ultimate model of computability? Why not Post's machine? Post's thesis I • Not published in the early 1920s! • 1920-1921: Post attacks the niteness problem of symbolic logic prove the decidability of formal logic and in particular rst-order logic • Need for the ultimate form of nite symbolic reasoning • Sequence of reductions inspired by PM to normal system via Post production system through generalization and simplication

  set up nite processes to generate sequences.(Post 1965) (∼ Turing's What are the possible processes which can be carried out in computing a number? ) ⇒ How else would Post have ended up with a formalism quasi-identical to Turing's??• Universality? We shall refer to the system K as the complete normal system because, in a way, it contains all normal systems [...] The complete normal system would thus correspond to Turing's universal computing machine. ) (Post 1965) ∼ a uniform process U which, provided with a (putative) specication for a calculable function F and a numerical argument m will calculate the value f m if this is dened(Gandy 1988) cfr also Church's e • Equivalences/conuence? [Post] uses the argument by conuence; a system of one of the sorts considered can be simulated by any of the others + correspondence with Church (July 1936) reduction of λ-denable to canonical forms ⇒ So, again, why Turing machine and not Post machine? TM -the ultimate model of computability? Why not Post's machine? Socio-historical explanations The social context • Post: Jewish immigrant from Poland (cfr anti-semitism and Jewish quota in the US), manic-depressive, handicaped, position at CUNY mostly teaching, ample time for research + issues with getting his work published • Turing: a distinctive family tree of English gentry, far from rich but determinedly upper-middle-class in the peculiar sense of the English class system; permanent position at King's College ⇒ ∼ Ivy league or, say, University of Aachen don't say that social bakcground does not matter! TM -the ultimate model of computability? Why not Post's machine? Socio-historical explanations The 1930s-40s intellectual context • Church's reviews of (Post 1936) and (Turing 1936): [Post] proposes a denition of nite 1-process which is [...] in fact equivalent, to computation by a Turing machine.[...] He does not [...] regard his formulation as certainly to be identied with eectiveness in the ordinary sense, but takes this identication as working hypothesis in need of continual verication.[...] To dene eectiveness as computability by an arbitrary machine [...] would seem to be an adequate representation of the ordinary notion, and if this is done the need for a working hypothesis disappears. ⇔ [Computability by a Turing machine] has the advantage of making the identication with eectiveness in the ordinary (not explicitly dened) sense evident immediately • Recognition of Post's contribution but in a footnoteish manner (cfr e.g. (Kleene 1952) or (Gödel 1964)) • Post's own usage of the (modied) Turing machine in the Thue paper TM -the ultimate model of computability? Why not Post's machine? Socio-historical explanations The 1950s-60s intellectual context • Davis' book (+ lectures): the notion of Turing machine has been made central in the development. // The present formulation [...] follows Post [6]. • The appeal of the universal machine idea as a model for computers "The reason we have chosen this particular model [a multitape Turing machine] ]is that it closely resembles the operation of a present-day computer (Hartmanis and Stearns 1965) ⇒ ... immersion of the Turing machine concept in computer science ⇒ But, clearly, thé Turing machine is also Post's (and probably Kleene's and Church's) ⇒ Not jut a historical correction Turing's notion of computability = Post's solvability ∼ current notion of computability + need to be aware of these socio-historical forces TM -the ultimate model of the modern computer? TM -the ultimate model of the modern computer? Turing, the inventor of the rst computer... • Epistemological claim: The universal Turing machine as thé model of the modern stored-program computer • Historical claim: Turing is the father of the modern computer Several objections ↔ Historical claim: • Stored-program is a vague and ad hoc notion which ignores historical reality (Bromley 1985; Haigh 2014) • Connecting real computers to a model was not obvious immediately; conations between universal machine and stored-program computer (Daylight 2014) ⇒ Here: stored program itself is a corollary of a practice -Theory is not the captain TM -the ultimate model of the modern computer? A dierence in context... • Number-crunching in applied mathematics (eg ring tables; navigation; etc): laborious, lengthy and error-prone processes of computation • Steady process of mechanization and, ultimately, automatic machines (cfr. De Mol and Durand-Richard, forthcoming) • e.g. US military in need of ring tables: Computation of ring tables at BRL and Penn: human computers and two dierential analyzyers Human work too slow, dierential analyzer too inaccurate (other type of slowness): You nally get errors in the nal result of the order of 1 percent or worse. The ballistics work that we were doing required errors ofsomething like 10 times better than that. So what was being done at the time was that things were being run on the analyzer and then they were being smoothed by hand calculations... (Eckert, 1977) ⇒ Pragmatism: Development of techniques and technologies that t the purpose: computations that are (partially) automatic, fast and precise TM -the ultimate model of the modern computer? Introduction of specic techniques • Technique I (precision): digital machines Thus, broadly speaking, the continuous computers are mechanizations of geometry, while the discrete computers are mechanizations of number theory. [...] the physical limitations inherent in measuring processes result in a region of confusion about each number, which means that numbers are never represented unambiguously. [...] the greater the required accuracy, the more advantageous is the discrete or digital calculator. (Stibitz 1945) From this we get...

⇒

  ultimate model of the modern computer? Why the TM and not x? Epistemological reasons II. Reections on programming notations: explicit formulation of interchangeability hardware and software in the context of automatic programming: Simply enunciated [Turing's theorem] [...] states that any computing machine which has the minimum proper number of instructions can simulate any other computing machine, however large the instruction repertoire of the latter [...] All forms of automatic programming are merely embodiments of this rather simple theorem. (Booth 1960) See (Daylight 2015) I and II ⇒ (Epistemic) Realization of the need for a rapprochement between the theory and practice of computing UTM as a tool to make more precise and to explain insights from practice ⇒ (Socio-historical) An academic eld in need of an identity (Tedre 2015;Daylight 2015; Bullynck, Daylight and De Mol 2015) ⇒ Steady conation between what happened after the facts and what actually happened retro-tting the past to current needs (cfr the need for examples and heroes in science) Intermediate conclusion... Yes, the TM is a basic model of computability and computers, BUT: That is as much an eect of a socio-historical and contingent processes, as it is a reection of a signicant epistemological insight Apparent epistemological arguments tend to ignore historical reality with a risk of creating a research bias Historical and social processes (in science) of forgetting, attening and simplifying that contribute to this (cfr Husserl) Not always in function of science (eg political or other agendas) Plenty of other cases in the history of science cfr the case of Gauss ... and a remark about equivalence arguments Central argument for CTT: equivalences between an ever growing number of formal models (cfr Turing 1936; Post 1936; Kleene 1952; Gandi 1988; etc) ⇒ It suces to focus only on the best model ⇒ Yes, but only under a particular notion of equivalence ⇒ Ignores/erases/forgets intensional and fundamental dierences Reconstructions Why should we care (about the dierences)? = models ⇒ = Theses A case from the 1920s and 1930s Post, Church, Curry, Schönnkel etc: dierent problem contextsvery dierent formalisms → Formalists in search of an ultimate form/building blocks of symbolic logic/reasoning (NOT computation) [T]he method of combinatory iteration completely neglects [...] meaning, and considers the entire system purely from the symbolic standpoint (Post 1920) We are led to the idea [...] of attempting to eliminate by suitabe reduction the [...] fundamental notions [...] from those contexts in which we are dealing with completely arbitrary, logically general propositions (Schönnkel 1924) [we] abstract from the meaning of the symbols [which allows to] regard the proving of theorems (of formal logic) as a game played with marks on paper according to a certain arbitrary set of rules. (Church 1932) = models ⇒ = Theses A case from the 1920s and 1930s Partially reect diversity of dierent intuitive notions • Eective calculability (Church 1936)• an abstract (or strictly formalized) theory [...] [that gives] an analysis of those universal principles in accordance with which valid thinking goes on(Curry 1928) 

⇒• 11101000000110111011101 =⇒

 11101000000110111011101 Dierent context require dierent models their intensional differences are fundamental from that perspective (see also: Martinit 2020; Daylight forthcoming) ⇒ ... and, possibly, multiplicity of theses instead of just one: SECD machine formalizes our notion of information-processing system = models ⇒ = Capabilities An example from the literature on universality • Small weakly universal Turing machine (Neary and Woods 2009) Universality in Elementary Cellular automata (Cook 2004) ⇒ weak and semi-weak universality allow the blank portion of the Turing machine's tape to have an innitely repeated word to the left, and another to the right. ⇒ Weak and semi-weakness are possible generalizations only for models that rely on an actual innite tape ..... tag systems = models ⇒ = Capabilities Tag systems and weakness Let T P ost be dened by Σ = {0, 1}, v = 3, 1 → 1101, 0 → 00 A 0 = 10111011101000000 ⇒ Primitive assertion 101110111010000001101 1101110100000011011101 = models ⇒ = Capabilities Tag systems and weakness Let T P ost be dened by Σ = {0, 1}, v = 3, 1 → 1101, 0 → 00 A 0 = 10111011101000000 ⇒ Primitive assertion 101110111010000001101 1101110100000011011101 models ⇔ thé model We do not attach any character of uniqueness or absolute truth to any particular system of logic. The entities of formal logic are abstractions, invented because of their use in describing and systematizing facts of experience or observation [...] In building the geometry, the proposed application to physical space serves as a rough guide in determining what properties the abstract entities shall have, but does not assign these properties completely. (Church 1932) Abstraction is always bounded by the reality it abstracts from but never completely captures it ⇒ One abstraction only cannot and should not be allowed to suce = models ⇔ thé model : If models of computation are abstractions from a reality : If we assume that one and only one model suces to capture computation that never assigns the properties of that reality completely : Then we assume that, essentially, reality does not change what was considered computable in the 1930s equates to what is considered computable today : ⇒ CTT in terms of TM establishes a theoretical limit but does not capture what computation means today, nor what can actually be computed. TM -the ultimate model of computability? L. De Mol Discussion • Complexication of our own histories is a good thing, not a bad thing! Shows philosophical and practical richness of the eld.
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  Church's and Kleene's work on recursive functions, λ-denability and dening eective calculability (Church's thesis)... • ... and Post's thesis II TM -the ultimate model of computability? Finite combinatory processes. Formulation I... • Post's thesis (II) A general problem is solveable in the intuitive sense if, for each instance of the problem, we can set-up a nite-1-process that solves it.(cfr De Mol 2013)

•

  The workspace: Two-way innite sequence of boxes in which the work leading from problem to answer is to be carried out a box is either marked or unmarked (binary alphabet) a worker or problem solver works in one box at a time and is capable of a set of primitive acts :O 1 mark a box; O 2 unmark a box; O 3 move one box to the left; O 4 move one box to the right; O 5 determining whether the box he is in is marked or unmarked

  • A set of directions, which sets up a deterministic process when applied to each speciifc problem, are in one of the following forms:

An epistemological obstacle will encrust any knowledge that is not questioned. (Bachelard 2002(Bachelard /1938) ) Diolch! Thank you!