
Universal Machines



In his magisterial Introduction to Logic, 
Paul Herrick (2013) not only guides the 
reader through a history of symbolic 
logic, but he also comments on the 
various links between logic and the 
history of computation. 



Aristotle, 384-322 BCE



The Square 
of  Opposition



“We have seen that Aristotle’s Square of Opposition can be used to 
compute the truth-value of one statement given the truth-value of another. 

Mathematicians calls this type of procedure an algorithm…
Aristotle’s Square of Opposition was the first large-scale, general-purpose 

algorithm in the history of logic. This might help explain why the first 
person in history to design a mechanical computer was an Aristotelian 

logician…” 



“Inspired by Aristotle’s Square of 
Opposition, Raymond Lull (1232-1315), a 
medieval logician who was also a 
Catholic priest, designed a computing 
machine consisting of two rotating 
disks, each inscribed with symbols for 
categorical propositions…” 



“The disks were aligned in 
such a way that one could 
turn a dial and see which 
statements validly follow from 
a given statement. Although 
extremely rudimentary, Lull’s 
basic idea underlies the 
modern digital computer...” 



“For the first time in history, someone 
had conceived of a machine that takes 
inputs of a certain sort and then, on 
the basis of rules of logic, computes 
an exact answer, which is then read 
off some other part of the device...”



“The first designs in history for 
machines that compute were designs 
for mechanical devices that would 
operate according to the exact laws 
not of mathematics but of logic” 
(Herrick 2013: 121-2).



George Boole publishes The Mathematical Analysis of Logic, 1847



Gottlob Frege publishes Concept Notation, 1879











1936



Person of Interest: Alan Turing

Occupation: 

Mathematician 

Logician 

Philosopher

Notable Accomplishments: 

Cryptanalysis of Enigma

Church-Turing Thesis

Turing Machines

Turing Tests



Storytime!



David Hilbert publishes a list of 23 
unsolved problems in Mathematics, 1900



Among the problems was the continuing puzzle over whether it 
could be proved that Mathematics is a 

logically consistent system...





David Hilbert and Wilhelm Ackermann propose the 
Entscheidungsproblem, 1928

https://www.youtube.com/watch?v=dNRDvLACg5Q


The problem asks for an algorithm that takes as input 
a statement of a first-order logic 

(like the kind developed in PHIL 106) 
and answers "Yes" or "No" 

according to whether the statement is universally valid 
or not.



Alan Turing publishes On Computable Numbers, 1936



Important Concepts



Turing Machine

A Turing machine is a simple abstract 
computational device intended to help 
investigate the extent and limitations 
of what can be computed; 
i.e., for any problem that is 
computable, there exists a Turing 
machine.
Today, Turing machines are considered 
to be one of the foundational models 
of computability and (theoretical) 
computer science (see De Mol 2018).

https://plato.stanford.edu/entries/turing-machine/








In any case, Turing proved there 
cannot exist any algorithm that 

can solve the 
Entscheidungsproblem; 

hence, mathematics will always 
contain undecidable (as opposed 

to unknown) propositions.

https://www.youtube.com/watch?v=dNRDvLACg5Q


Alan Turing studies Mathematics and Cryptology 
under Alonzo Church at Princeton, 1936-1938*





Turing is asked to join the Government Codes and Ciphers 
School at Bletchley Park, September 1939*

https://en.wikipedia.org/wiki/Bletchley_Park




Colossus, the world’s first large-scale electronic 
computer, is installed at Bletchley Park, 1944

http://www.rutherfordjournal.org/article040101.html#Colossus_Wrens


Despite his work being secret, Turing is awarded the 
OBE (Order of the British Empire), 1945



Public unveiling of the ENIAC (USA), 1948



Alan Turing publishes 
Computing Machinery and Intelligence, 1950



Turing Test

A Turing test is a test of a 
machine's ability to exhibit 
intelligent behavior equivalent 
to, or indistinguishable from, 
that of a human.
This suggests that a positivist 
methodology is the best course 
of action on the question of 
whether machines can think.





Other philosophers believe that 
Philosophy as a field is by and 
large done. 
Various sciences have been 
extracted from it throughout its 
history, and logic was the last 
scientific extraction. 
Almost all that’s left now is 
pseudo-problems. 



Most of the members of the Vienna 
Circle, for example, subscribed to the 
verification theory of meaning, which 

claimed that a statement is meaningful 
if and only if it can be proved true or 

false, at least in principle, by means of 
the experience.

As such, all metaphysics was worse 
than false; it was meaningless.



“The original question, ‘Can machines think?’ I believe to be 
too meaningless to deserve discussion” (Turing 1950: 442). 









Some of the objections that Turing entertains...



The Theological 
Objection

“Thinking is a function of man's 
immortal soul. God has given an 
immortal soul to every man and 
woman, but not to any other 
animal or to machines. Hence no 
animal or machine can think.”



“I am unable to accept any part of this…
It appears to me that the argument quoted above implies a 
serious restriction of the omnipotence of the Almighty” 
(Turing 1950: 443). 



The “Heads in 
the Sand” 
Objection

“The consequences of machines 
thinking would be too dreadful. 
Let us hope and believe that they 
cannot do so."



“I do not think that this argument is sufficiently substantial 
to require refutation. Consolation would be more 
appropriate” (Turing 1950: 444). 



The 
Mathematical 

Objection

“There are a number of results of 
mathematical logic which can be 
used to show that there are 
limitations to the powers of 
discrete-state machines.”



“The short answer to this argument is that, although it is 
established that there are limitations to the powers of any 
particular machine, it has only been stated, without any sort 
of proof, that no such limitations apply to the human 
intellect…
In short, then, there might be men cleverer than any given 
machine, but then again there might be other machines 
cleverer again, and so on” (Turing 1950: 445). 



The Argument 
from 

Consciousness

“Not until a machine can write a 
sonnet or compose a concerto 
because of thoughts and 
emotions felt, and not by the 
chance fall of symbols, could we 
agree that machine equals 
brain---that is, not only write it 
but know that it had written it.”



“According to the most extreme form of this view the only 
way by which one could be sure that a machine thinks is to 
be the machine and to feel oneself thinking. One could then 
describe these feelings to the world, but of course no one 
would be justified in taking any notice... 
It is in fact the solipsist point of view” (Turing 1950: 446). 



Lady Lovelace’s 
Objection

“The Analytical Engine has no 
pretensions to originate 
anything. It can do whatever we 
know how to order it to perform”



“Who can be certain that ‘original work’ that [anyone] has 
done was not simply the growth of the seed planted in him 
by teaching, or the effect of following well-known general 
principles. 
A better variant of the objection says that a machine can 
never ‘take us by surprise’... 
[But] Machines take me by surprise with great frequency” 
(Turing 1950: 450; interpolation is mine). 







Even though she was given credit for 
some of the technical aspects of the 
“program” on which Charles 
Babbage’s Analytical Engine 
operated, she was not the true author 
of the material; Babbage was. 
Babbage primarily wanted her fame 
to help him garner funds for his 
contraption (see Holt 2019, ch. 14).



Question: 
If not via the Turing Test, how would we know if 
a machine is conscious?





Turing is arrested for gross indecency, 1952



Turing publishes a paper on computer chess, 1953



Turing is found dead from apparent suicide, 1954



There are some theorists who suspect 
that it was not a suicide but an 
assassination by the Soviets. 
Any intellectual with the capacity of 
Turing, who had previously 
collaborated with both the UK and 
USA governments, was a threat to the 
Soviet Union (see Holt 2018, Ch. 15). 



Food for thought... 



According to a recent study, 
about 47% of US employment is 
at risk of being robotized (Frey & 
Osborne 2013).

http://www.oxfordmartin.ox.ac.uk/downloads/academic/The_Future_of_Employment.pdf
http://www.oxfordmartin.ox.ac.uk/downloads/academic/The_Future_of_Employment.pdf
http://www.bbc.com/news/technology-34066941
http://www.huffingtonpost.co.uk/2014/01/17/rise-of-the-machines-economist_n_4616931.html


Both high-skill 
and low-skill jobs are at risk...



https://www.kcra.com/article/driverless-delivery-trucks-could-hit-california-roads-by-years-end/27671552
https://hbr.org/2019/02/research-automation-affects-high-skill-workers-more-often-but-low-skill-workers-more-deeply


http://www.theguardian.com/us-news/2016/may/20/robocop-robot-mall-security-guard-palo-alto-california
http://www.theguardian.com/world/2016/may/25/adidas-to-sell-robot-made-shoes-from-2017
http://www.forbes.com/sites/rachelarthur/2016/07/20/macys-teams-with-ibm-watson-for-ai-powered-mobile-shopping-assistant/#6654e2cf7395
http://arstechnica.com/science/2016/07/asking-an-eye-in-the-sky-how-much-water-your-yard-requires/


http://factor-tech.com/robotics/17437-robot-chef-that-can-cook-any-of-2000-meals-at-tap-of-a-button-to-go-on-sale-in-2017/
https://www.salary.com/9-jobs-taken-over-by-robots/slide/7/
https://www.salary.com/9-jobs-taken-over-by-robots/slide/10/
https://www.salary.com/9-jobs-taken-over-by-robots/slide/4/


This is a long-term trend...



This is a long-term trend...



Individuals employed by Kodak 
at its peak:
145,300

Current Instagram employees:
550

https://www.omnicoreagency.com/instagram-statistics/


Overreacting?
Another study says it’s only 
38%...
And other researchers are 
more worried about A.I. 
starting nuclear war by 2040. 

https://www.pwc.co.uk/economic-services/ukeo/pwcukeo-section-4-automation-march-2017-v2.pdf
http://www.newsweek.com/nuclear-war-ai-artificial-intelligence-arms-race-901267






DILEMMA #9
Can computers think?


