
 

David Hilbert 1900

10th PROBLEM Give a mechanical
to determine whetherprocedure

given Diophantine equationhas a solution

n 2 sent y zn
1994 Wiles

what is meant by a

mechanical procedure
K U RT GODEL
ALONZO CHURCH 1935

X calculus
ALAN TURING 1936

Turing machine

Church Turing showed
the existence of unsolvable
problems



Variations 2 tapes more tapes
2D tape non determinism probability

quantum resources

None of these increase what

you can compute

Church Turing thesis

Any formalism for defining
computations is E TM

Universal T M

A T M M has a

description which is just
a finite string

M the description of
a TM

M X description of
M together with input x



F

The Halting Problem is

unsolvable

There is no program that can read

the text of another program P
and input X for P and decide
whether P halts on input x
decide YES

No

5 program
s text of S

SC I halts when Sis run on x

Scoot loops forever
suppose I H s x sit

HRs x

YES if say
No if scat

H itself always halts



IGE if HG x then loopelse halt

what happens to ICED

ICI
if H I I Hen loopelsehalt

Does IIThaet
y

if says Yes it loops

i

2 m IIe I Maccepts w

Turing recognizable language
L is Turing decidable if

I T M M s t L LCM and
we E M halts on W

L is computable enumerable if



L LCM for some TM

Lis computable if L LCM for
some TM M which always
halts

L arm
Me M halts one

E E

Partial function

f E

f maps a subset of to E

f may be undefined on

some inputs
dom f x I fed is defied
They compose like ordinary

function



Def A computable function is a

function f E

Ftpatial i e TOTAL
SE Fa TM M sit

Voce

s xD Is q fear

Def A partial computable f is a

partial f E

F TM M s t Voc e dom Cf
I s xD q food

and Hock dom Cf M will loop

B UNDECIDABLE

WORD
gig gu gi ginPROBLEM



TOPOLOGY Are two surfaces

É

finite set of 3 3 matrices

Q Is there some sequence with

repetitions e gM3 MYM3 MaMI
se the product is 0

UNDECIDABLE


