
21 April 2025 Turing Machines
& The Church-Turing Thesis

Ran

* Defining "Algorithms"
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A problem L is ↓idable (R) if there exists

a Program D such that

XL => D accepts X

XL
=> D does not acceptX



The rem . There are undecidable problems.

↳ No program solves the problem.
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DBut what do we mean by program =

-

* Python program ? C program !

* Physical device (transistors ,
abacus

,

quantum system

* Human cognition ?



Major Endeavor of 1920s 1940s

↳ Define "Effective Computation"

ProposedModel (from Alan Turing)
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↳ Obviously programmable
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other proposals le .g .

X-calculus
, M-recursive )fas



Major Endeavor of 1920s 1940s

↳ Define "Effective Computation"

ProposedModel (from Alan turing)
* Turing Machine

↳ Obviously programmable
↳ powerful enough to capture all

other proposals le .g .

X-calculus
, M-recursive )fas

IMurch-Turing Thesis

Every physically-realizable computational model
can be simulated by a Turing Machine.
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Everything computable , computable by a TM.

* Not a therem . More like aPhysicallaw of nature.

-very robust thesis

- widely accepted
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EndedChurch-Turing Thesis

Everything efficiently
- computable is

efficiently- computable b
y
a TM .

- More controversiall . -- e .g.
Quantum Computers

↳ But still very robust.

efficient simulation ofCe .g .

python by TMS S



Announcements

* None--



Turing Machines
-

* Simple (finite) logical controller

* Infinite Read/Write memory tape.

#10/10/1/11
Computation#ton(
* Finite controller Reads cell under tape "head"

-

* Then,

new symbol to cell& -

with tape head Left or Right-

-

- internal (finite) State
-
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Warmup : Deterministic Finite Autoructa

:
E = 0stat
#Adefined by I(D) = 50" : neN]
* E = Input Alphabet

* Q E Finite set of internal states

* 9EQ = start state

* a Q = Etkept state
* -E Q =IReject state

* S = transition rule new state
- -

L

&

S(a
,
c) -> 9 Q

current state
- - symbol read
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↑
#definedby III

[E[
*Z = Input Alphabet

T = Tape Alphabet 3 wef = blak
+ T =

Left end

tapeof

* Q = Finite set of internal states

including lett Leteept Elect
* 6 = transitionrule

new State

-
IL S

S(9 , 2) -> 9 y
&
M & more direction

M EEL ,R3
↑ ↑

symbol
I
symbol to

current state
read be written
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TmuslatingTMs to high-level programs

"Move tape head right "move head right
until a I is read

" until tape blank is read
"
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I"Program"
* Repeat
-

- More R

if - Read 0 : Delet
I Write Blank ,

More R

While Read 0 : More R

I While Read 1 : More R 3 more to end of Oh ,
m

I
ifT Read blank :Ieject
-

Move L
,
Write blank Move L
- 1

- if Read Alank : Kett J Equal # of

① and I erased

While Read 1 : More L

I While Read 0 : More L



ResofThumb for TM Code

* Variables

- Finite number of variables

- Taking finite number of values

* Conditionals

- Finite number of nested conditionals

* Function calls / subroutines

- Functions must be computable
- Finite depth call stack .

Lotherwise , requires argument that

state can be maintained by
finite state machine using tape)


