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A short chronology (1)
23.6.1912 Born, Paddington, London
1926-31    Sherborne School
1930         Death of Christopher Morcom
1931-34    Undergraduate at King's College, Cambridge 
1932-35    Studies quantum mechanics, probability, logic
1935         Elected fellow of King's, Camb
1936         On Computable Numbers...Submitted
1936-38    Princeton University. Ph.D. 

Papers in logic, algebra, number theory
Works with Church & Von Neumann

1938-39    Return to Cambridge.
Introduced to German Enigma cipher problem

1939-40    Devises the Bombe, machine for Enigma
decryption

1939-42  Breaking of U-boat Enigma 
1943-45  Chief Anglo-American consultant.

Introduced to electronics
1945        NPL, London
1946 Computer design, leading the world,  formally accepted
1947-48   Papers on programming, neural nets, and prospects for A.I.
1948 Manchester University

A short chronology (2)

1949 Programming and world's first serious use            
of a computer

1950 Philosophical paper on machine    
intelligence: the Turing Test

1950 Elected FRS. Paper on non-linear  chemical 
morphogenesis theory

1952 Arrested and tried as a homosexual, 
loss of security clearance

1953-54 Unfinished work in biology and physics
7.6.54     Death by cyanide poisoning, 

Wilmslow,  Cheshire.

A short chronology (3)

Max Newman

At Cambridge taught Kilburn, Williams & Turing
Delayed publication of “Computable Numbers”
Sent Turing to Princeton to work with Church
Ran the Newmanry in Bletchley Park
Directed Operations to build Colossus
Went to Manchester after the war
Won a Royal Society Grant in 1946
Introduced Kilburn & Williams to computing
Brought Turing to Manchester in 1948
By 1951 withdrew from the Mark I project
After Turing’s death gave up computing

Turing Machines

Turing machines, were first described by Alan Turing
in 1936.

They are simple abstract computational devices 
intended to help investigate the extent and limitations 
of what can be computed.

Turing was interested in the question of what it 
means to be computable. 
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Effective Procedures

Intuitively a task is computable if one can specify 
a sequence of instructions which, when followed, 
will result in the completion of the task. 

Such a set of instructions is called an effective 
procedure, or algorithm, for the task. 

Devices with different capabilities may be able to 
complete different instruction sets, and therefore 
may result in different classes of computable 
tasks.

Turing proposed a class of devices that came to 
be known as Turing machines. These devices 
lead to a formal notion of computation that we will 
call Turing-computability.

A Definition of Turing Machines

A Turing machine is a kind of state machine. 

At any time the machine is in any one of a finite 
number of states. 

Instructions for a Turing machine consist in specified 
conditions under which the machine will move  
between one state and another.

A Turing machine has an infinite one-dimensional 
tape divided into cells. 

Traditionally we think of the tape as being horizontal 
with the cells arranged in a left-right orientation. The 
tape has one end, at the left say, and stretches 
infinitely far to the right. Each cell is able to contain 
one symbol, either ‘0’ or ‘1’.

Mathematical Objects

Turing machines are not physical objects but mathematical ones  - what impact 
does this have on the engineering perspective? 

We require neither soldering irons nor silicon chips to build one. 

The architecture is simply described, and the actions that may be carried out 
by the machine are simple and unambiguously specified. 

Turing recognized that it is not necessary to talk about how the machine 
carries out its actions, but merely to take as given the twin ideas that:

(i) the machine can carry out the specified actions, and 

(ii) those actions may be uniquely described. 

The Turing Machine
The machine has a read-write 

head, which at any time 
scanning a single cell on the 
tape. This read-write head 
can move left and right along 
the tape to scan successive 
cells.

The action of a Turing machine is 
determined completely by:

(1) the current state of the 
machine 

(2) the symbol in the cell currently 
being scanned by the head 
and 

(3) a table of transition rules, 
which serve as the “program”
for the machine.

Transition Rules

Each transition rule is a 4-tuple:
< State0, Symbol, Statenext, Action > 
which can be read as saying

“if the machine is in state State0 and the current cell contains Symbol
then move into state Statenext taking Action”. 

The actions available to a Turing machine are either:
(i) to write a symbol on the tape in the current cell 
(ii) to move the head one cell to the left or right

If the machine reaches a situation in which there is not exactly one 
transition rule specified, i.e., none or more than one, then the machine 
halts .

Describing Turing Machines

Every Turing machine has the same machinery. What makes one Turing 
machine perform one task and another a different task is the table of transition 
rules that make up the machine's program, and a specified initial state for the 
machine. 

We can describe a Turing machine, therefore, by specifying only the 4-tuples 
that make up its program. Here are the tuples describing a simple machine:

< s0, 1, s0, » >
< s0, 0, s1, 1 >
< s1, 1, s1, « >
< s1, 0, s2, » >

When we are interested in examining the behaviour of a Turing machine, it is 
common to represent the Turing machines using “state diagrams”. 
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State Diagrams

In this figure, states are represented by the circles, with the unique double 
circle being the initial state. 

A transition is represented as an arrow originating from one circle and 
landing at another (possibly the same) circle. 

The arrows are labeled by a pair consisting first of the symbol that must be 
being scanned for the arrow to be followed, and second the action that is to 
be taken as the transition is made. 

The action will either be the symbol to be written, or « or » indicating a move 
to the left or right.

< s0, 1, s0, » >
< s0, 0, s1, 1 >
< s1, 1, s1, « >
< s1, 0, s2, » >

Universal Turing machines
"It is possible to invent a single machine which 
can be used to compute any computable 
sequence. 

If this machine U is supplied with the tape on 
the beginning of which is written the string of 4-
tuples separated by semicolons of some 
computing machine M, then U will compute the 
same sequence as M

We now take this remarkable finding for 
granted. But at the time (1936) it was 
astonishing. 

The model of computation that Turing called his 
"universal machine" - "U" for short - is 
considered by some to have been the 
fundamental theoretical breakthrough that led to 
the notion of the stored program computer.

The Manchester Illuminated Universal Turing Machine
by 

Roman Verostko

Working Example

Frame 23

No rule, so halt!

< s0, 1, s0, » >
< s0, 0, s1, 1 >
< s1, 1, s1, « >
< s1, 0, s2, » >

Turing Machines: The significance

"Turing's paper ... contains, in essence, the 
invention of the modern computer and some of 
the programming techniques that accompanied 
it" 

Marvin Minsky (1967)

Turing Computability

There are two important things to notice about the definition. 
The Turing machine's tape is infinite in length, corresponding to an assumption 
that the memory of the machine is infinite. 

A function will be Turing-computable if there exists a set of instructions that will 
result in the machine computing the function regardless of the amount of time it 
takes. 

One can think of this as assuming the availability of infinite time to complete the 
computation.

Thus no computable function will fail to be Turing-computable solely because 
there is insufficient time or memory to complete the computation. 

If a function is not Turing-computable it is because Turing machines lack the 
computational machinery to carry it out, not because of a lack of spatio-
temporal resources.

The real 
problem!
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