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Plan for today

1. Turing machines
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A cold dog
A freezing cold

released
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Ms204

Halting problem
Intro comp theory



Turing machines



Automata theory

Objective: To create a theoretical model of computation.

But why?
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The Entscheidungsproblem revisited

Is there a general e↵ectively computable procedure for

determining whether a given statement is provable?

(Hilbert & Ackermann, 1928)
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E↵ectively computable

At the time, a procedure/method was understood to be

e↵ectively computable when (and only when):

1. It could be expressed as a finite sequence of exact

instructions.

2. It would produce the desired result, if carried out without

error, in a finite number of steps.

3. It could be carried out by a human with a pencil, an

eraser and paper.

4. It would require no ingenuity from the human carrying

out the operation.
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Intuitive idea of an algorithm



Alan Turing
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The Turing machine

• The Turing machine
1
: The formalism Turing used to

make this intuitive notion of e↵ective computability

precise.

• Church-Turing thesis: Anything that can be e↵ectively

computed can be computed by a Turing machine.

• Turing showed that, under this definition, the answer to

the Entscheidungsproblem was no!

• What about other formalisms?

1a-machine or logical computing machines
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Quantum computers
1985

Turing complete



The inspiration for the Turing machine

In 1936, a computer was a human computer.

To formalize

e↵ective computation Turing asked:

What are the most basic operations and resources re-

quired for a human computer to carry out numerical

computation?
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Addition

2 9 3

+ 4 2

3 3 5

9
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TuringMaehines

Def Infernal A deterministic semi infinite
tape TM is a computational model

input

O O O

a
Semi infeitetape

unbounded

not i
the fight left

2 D Tape

8 a 1 to 100 return state

42

th



Ext Design a TM which recognizes
L a b e n E N

t d E b b E X B B D

tattie's 2555,2 I FEEL
using
different
symbolsis

i

gyif R required
ferdeterminism

a
For convenience

transition
U U going to gu

I I from go to q
Once you reach ga or 9m
TM halts

Ex What strings are accepted by the

following TM

q0 F Ela.b
brb Bed L babil

bT R



f a LCM a Carb

I language accepted I
recognized

t b a M loops on LC beatb
b
I

Any Turing complete formalism will
have a loops
E is the only rejected string70 9 E

EI I a Design a th which

computes the function copy w
W E It copyCw w w

input D t frimput
p

t ga D aaaa is
a

III'd
ga

a a D

General procedure



M On input x E Et
I Mark a under the pointer with x

2 Move pointer right until it hits the D
3 Write a

4 Move pointer left until it hits the
firstx

S Move pointer to the right by I step
6 If it reads an a repeat from step1

Otherwise move pointer right until the

first blank and then move left converting
ate a K x to a

7 Once pointer reaches t it moves right
once returns fo

Leave state transition diag as exercise
will post later

Def CTM A deterministic semi if
Tape toe is a 9 tuple

Q I O t it f e ga que

Q it the finite set of states
I is the input alphabet EM
T is the tape alphabet



is the leftendmarker t E T E
D is the blank symbol D E P E

f Axt are L R

s EG is the start state

ga EA is the accept state

gu EA is the reject state

fig as p b all
retd Itebirection

Additional restrictions on f
Hq EG I p Ea
8cg t Cp t R

H JEM F c c EM d d E L R

Sega J Ga c d

Icq 8 quid d

Instantgowoffofth

Q
I

uga v i M DW BBB 7



Def An IC of a tie M is a

strong from It T G 7 is

go interpreted as
a letter

Def Next I config relation M TM

g PEG a V E Pt a b c E T

uaqbris I tupacris 89
L

t hagbu is f tu acpvis frgb
Cpc R

Edgecased go bp's

qui pi w

Write down the edge cases as an exercise

Def G M TM n EN C PIC

CEC K C

C't D F ICE

CIE EID



Def Fy M TM ne in CD IC

Coy D if Fn EN ort

CID

Given an input string w E E a

TM M can either

1 Accept w if I x y EP
Swa T t xgay's

2 Reject w if I e y Er

Sw is Fu t a guy's

3 Loop forever on w if
I try E O o t I or 2 holds

If M accepts or rejects on w we say it
halts on w Otherwise it loops

Def 240 M TM then

LM WEE M accepts w


