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Red. Defined computability v i a URMs ("infinite RAM +

assembly

")

Computable--

partial
recursive

function

s
=
URM-computable

Non-computable.?

Today: Other models of computatio
n

Church-Turing thesis: The followin
g

models of computatio
n

a r e
equivalent

→ The lambda calculus

→
Combinator

y
logic

→ Partial r e c u r s i ve functions

→ Post systems

→ Turing machines



A Turing machine i s basically
a
finite-state automatonwith a global tape

Each cell of the tape c a n contain a letter fro
m

a
finite alphabet

Start out with the input string, and the restof the tape i s empty.

What c a n themachine do?

* Read off the tape * Write o n the tape * Move the head left o r right

At each step, the head s c a n s s o m e cell of the tape,

and the automaton i s i n s ome state, dependin
g

o n
which

the automaton c a n m o v e to s ome (other)state,

themachine c a n write some n e w symbo
l

o n thetape cell, and

m o v e thehead o n e cell to the left o r to the right



blank symbol

i . i t # - l b l f a l a - . .
to

input tapealphabet

⑦ set of alphabet

m o . m o . states, / Twitter.
A- deterministic" Turing Machine:M:(Q.E.T.8.s.tn)

8:Q×T→Q×Tx{L,R}
startstate'/ reje

ct
state

current

) I acceptstate
directionsto

le

n ew /
Whi

ch
contents of

state
s i t , r E Q .

current cell
tapehead

n e w
should

m o v e

QI{t,r}
contents

of currentcell Input Waw i . -W n , each w i e s

Written o n n
cellsof the tape

The first blank signals the endof-input.



As part of its operation
,

the following paramete
rs

change:

→ current state

→ current tape contents

→ location of tape head
}These form a

configuratio

n

(ab, b, aaab,q)

- . t w # a l a b l I l a f
ps

⑦ Suppos

e
this i s the current snapsho

t
of my TM M .

st

instate
q .

We write the configuration a s abqbaaab.

Formally,
a
configuratio

n
i s uqu,

where the machine i s i n state
q .

the current tape contents a r e U v , u , v e r *, and

the head points t o the cell containing the first letterof 0 .



Example:

2 . {w/w ends with 01}

O ' %

- 0 1 * 2 M:(Q.E.t.8.s.tn)
←

Σ :{0,1} P:{0,1,w}

s=q. Q:{9.9.92,t,r}



Example:

2 . {w/wends with 01} c - {0,1}* 2={0/1}

⑦ ①
° Q:{go.qa.qa.tn}

→ ! ⑨ 5=10,1.-}
~

1 %M.IQ/

E,r,d,qo.t.r)...#100uw...-8(q

.0)=(qa.0,R)① 8190,1)-(go.IR)

"#"#$ #

" # " %

891.0):(91,0,R)

I

t . i t #W. . . : d q .w ) = ( t ,w . L )



0

i - t t t - h f . d e # f
↓ ☒ 91

n - n . t w # f I f w . . . . -
☒

091111001

n.tt#ff:f..--./w/F--

fw.....
☒ 0119.1001

i n . t w # I I g I . -
☒ 011190001



i n . t w / - - - w w l . . . . -

- 0 1 1 1 0 9 1 0 1

i n . t w / I 1 - f u w . . . -
☒

0111009,t.n.tw/o---....-

☒ 011100192

i n . t w # - - f w w . . . -
☒ 01 1 1001 1



Let u , v e T*, and a , b, c e T . Then,

uaqb.ie#uacq'uiff8(q.b) = (q:c,12), and

uagbu → ngau iff d(q,b) = (q:c,2)

The initial configuration is of the form s w ,
where

w i s the input.

w is accepte

d
by M if s o#U t u . for s o m e u , ve r ".

- acceptin

g

configuration

Similarly,

w is rejected by M if s o # U r u . for s o m e u , ve r ".
- rejectin

g

configuration


