cs' today.

Turing Machines and the MANY

Final ideas... things computers can't compute... !

This machine
doesn't look all-

G powerful to me!

~

* Final tutoring hours & labs coming up

Final projects... * HW12 & milestone due on Monday, 4/26

* 5 finite state machines due as part of HW 12 n,

AChingy
SXlra 7

You don't need three

State-machine limits? o R

-

accepting
0 0 0
D — E - -
1 1 1

Let's build an FSM that accepts strings with

rejected any # of Os followed by the same # of 1s accepted
011 n 000111
FSMS Can 't C n
001 " ount 0011
€ast, not a, itrari )
11100 bitrarily high 01
00110 A

The input
— The tape
R/W “Blanks" are
head 0:1.R the default
An accepting state

always halts—then
basks in its success!

If a transition is

missing, the
input FAILS!

A Turing Machine rule: 0 1 , R

READ WRITE MOTION

-

Try it in JFLAP..

The input

= The tape
R/W Rejected Input.

An accepting state
always halts —then
basks in its success!

If a transition is
missing, the
input FAILS!

A Turing Machine rule: 0 ; 1 , R

READ WRITE MOTION
Try it in JFLAP..




= The tape

Name:

0/0(1]1]|1

start

= The tape

Is| this| input accepted or rejected by this TM? Try It,

What does one "loop" of
(q0-g1-g2-93-q0) do?

o (0 (1 |1 |1

start

Is| this| input accepted or rejected by this TM?

What does one "loop" of
(q0-g1-g2-93-q0) do?

What inpUtS are accepted in genera[? Extra: How could you change this TM to accept palindromes?

What inpUtS are accepted in genera[? Extra: How could you change this TM to accept palindromes?

Unprogrammable functions?

well-defined

. computer
There are = mathematical that no b can compute
funCtIOIlS program even Wl:[h any

amount of memory!

or TM

Functions Programs
f(X) _ 1 le iS Odd progl (x) .
- 0 if x is even return x%2

Different infinities!?

There are infinitely many functions & programs...

..but not all infinities are created equal!

} Two sets have equal size if
their elements have a
one-to-one matching

This matching is called a bijection.

«& These sets have the same cardinality




f n2z(n):
One-t t (-1)"7(n%2)"((n - (n%2))//2) 7604
w inﬁnit f z2n(z): ll’lgl
ot abs(z)*2 + (z<=0)

f e2n(e):

E={24,6,8,10, ...} o

f n2e(n):

Positive
evens

2*n

Positive N _14,2 3 4,5,...}

',j; Georg Cantor

wisoe  Cantor Diagonalization

There are always real numbers missing from any list!

R The Reals Positive N
fromO0to 1 integers

Real #s are
always missing ro

integers memeng. L = -333333333333333.. — 1
r, = .424242424242424.. — 2
ALL = -
integers Z={.,-3,-2,-1,0,1,2,3, ..} M - ¥, = .314159426535897.. 3
= r, = .090909090909090.. — 4
E and N and Z all have the same size! r, = -~ 5
Programs are integers (and vice-versa) There's a
For each real ‘
number... (mathgmatlcal)
function that
def alien(x): ey o
Programs = N o v e simply returns
else: g Integers nu:/'nberl that number!
return not \ from 0-1
ey r, = .11111111.. f(x)= 1/9
r, = .31415926.. f,(x) =n/10
Every program is a string. r, = . 42424242 . fg(X) = 49 forever
Every string is just a sequence of bits = _ 1 if x s prime
r, = .01101010.. f£,(x) = { o oS P

Every sequence of bits is also an int!

] } 6 and 8 are not prime, so these digits are 0

2 and 3 are prime, so these digits are 1




(Many) more functions than programs !

The Real Positive
fro?n oi? 1S ]R N integers
“oNS W

Uncountably Countably
infinite infinite




