
COMPUTABILITY /07/10/2025)

Models of computation

-> Turing machines

-> Lambda Calculus /Church

-> Portal recursive functions/Gödel-Kleeme)
-> Camonical deduction Systems / Post

-> URM /Unlimited Register machine

----

-----

Church Turing thesis

A function is computable It is computable by
iff

by am effective procedure a Turing machine

UNLIMITED REGISTER MACHINE

-> memory /unbounded

Rara/Ra/Ral ... /RK) ----

T
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-> executes a program
: finite fist of instruction

-> instruction set

Arithmetic

· Zero z(m) 2m = 0

· successor /my Em = 2m + 1

· transfer Tim , n) In = em

Jump
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Program
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Its execution starts from

- Initial configuration ofregisters
- instruction Is

and itamminates (posably) if the next instruction to be executed

does not exist

-> last instruction and go to mext

-> jump out of the program
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Plazazas---.) indicates the computation of P from 010203- .

Prosaz---) ↓ eventually terminates

Plazaz--- T diverges
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URM-computable function

Given F : NK --Ipartial) is URM-computable if there is

a URM-program P such that FlazakleINY Faen
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Class of URM-computable functions
2(k = (f / f : Ink = N var-computable ?

e = e

Example :
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* f : N2= N -
x+ K

f(x , y) = x + y 3
(x+y) -----

Loop : J12,
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g : N -an

g(x) = x = 1 = (
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if x = 0

if x + 0
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A Function computed by a program ?

Let P be a ver-program and K = 1

fr : N = N

if Plas
-
anda

Ep cont and
if Pranz and I

Qution : given function F : NK-- N how many program for F ?

o or infinitely many



EXERCISE : Consider URM-machine without TCm
,
mo

E = closs of URM- computable functions

e = e-

=
T z(m)

E
T(m , m) can be encoded

LOOp : JIM ,
M ,

End
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(e-c2) Let f : IN- IN URM-computable fe e-

ie . there is p URM-program such that

f = f

but Pis also a URM-program ,
hinc Fel .

rec2- Let fik-IN fet ie .

there is PURM-program

such that

f = f
I assume

,
without loss of generality ,

the P is well-formed ,
ip.

If it terminates it does by landing at instruction 5 +a

We show that there is P'URM--program auch that

fik = fi = f

by induction on h = number ofTinstructions in P

ch = a) P has not instructions
,
then I' con be P

(n- h + 1) Leto be var program with

h + 1 hansfer instructions
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END

SUB : z(m)

LOOP : 5 im ,
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t+ 1)

-(m)

END :

now I
"

is a URM program such that

- = fir and it hasn tronfer instructions

by inductive hyp .

There is P'URM--program such

for Fi

Summing up ,
we have p'uRM-program such that

= Far fi
F

OBSERVATION : Givem a URU-program ↑ there is a program
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well-formed and suchthat For =Fil kein

↑
Il
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Ma J(m , n ,
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Exercise : Variant of URM-machine

URMS Time Scop To(m ,
n)

-mi+ 2m
es = 2

EXERCISE : URM= without jump

2
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characterise functions in 2
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