
 

Comp 330 Lecture 20 November 9th

IE Solita minestrea

The usual soup
The usual routine

Showing that a problem is undecidable via

REDUCTIONS

Recall Languages Decision Problems

If A DP is a problem where given
an instance of that problem the answer is

either for N

Ext PRIME n Given n EN is a prime
n 7 Y

FI ITPCM x Given a TM M and an

inputstring x does de half one

E fails fine Answer

458 0
on

N



Casually I 40,1s

Def 240 The language of a IP LDP
is the language containing all instances

of DP where the answer is y RTinstances
are end as at over I

EI Lprame Oh n EN n is mine
X E LPRIME E x encodes a prime

number n using E Oil

EE E ta's
Litgggge

mis tm s
binary representation

EE
M halts out

If A DP is decidable iff Lpp is decidable

showinguddability

Who cares

1 Decidability Logical inconsistency
Diagonalization

2 Reduction



Idey Given two problems P G A
reduction from P to G is a method to show

that Air at least as difficult as P

P EG

How Intuition Show that if you could solve

A you could also solve P
1 Take instance of P Ip and modify
it to look like an instance of Q Ia

I
met

naggguertoepisyInstance modifier

Ip IF I
Kee

Et For the final exam of COMP999
there are 10 question types Q 162 Gio
and two versions of the final

EXAM G 62 As
EXAM a 6 As Go 910

Goal Show EXAM E EXAM z



Droptotot

ÉÉÉÉ EEL

What's thepoint
Suppose we knew EXAM was unsolvable then
Elt Mz must be unsolvable as well Otherwise

we could solve EXAM

This is exactly the process in a mapping
reduction with a few constraints

I Instance modifier must be computable
2 No postprocessing solver usedonly once

Ext show that the acceptance problem AP
is undecidable by HP Em AP

LHP IAP

What is AP AP M w Given a th M

does M acceptw



Mapping reduction from HP to AP
1 Convert Iap to IAP
2

AmurtoIapis
to Iap is Y

g g g g
cos a function of IAP

M halton x o N accepts y

y x

É
É

Rewrite step 1

N On input string w

1 Simulate Mon w

2 If M halts on w then accept
3 Eldoop COMMON ERROR DON'T

2 if M halts an e s N accepts DO THIS



if M loops on x N loops one

N does notaccept
Incorrect Nrejectx

The instance mowfication is computable

i HP Em AP

Since HP is undecidable then ter is AP

Def T 240 L E E Lz 170 a

mapping many to one reduction of L to Lz is
a total computable function of T where

VIET
EL Les fro Elz

If such a
function

exists then L Em Lz

instance

1 y is yinvalidencoding
2 y is valid
encoding but

f preserves the answer to 2



Ex In Ex A The total computable function

f 16,11 Oil's

fro
anting time
E otherwise

f is computable Consider TM F

F On input u

1 Cheeks if v Mix
2 If no return E

3 If yes men way any
N On input

then I PIO L E 20 Lz EP
L Im Lz Lz is decidable then

L is also decidable

Pf suppose 22 is decidable then I TM

Mz St LCM2 L Ma halts on

every input
Since L Emlz then I a mapping
reduction f f which is total computable

i e F a TM F which computes f



Construct a The M which decides L
M On input x
I Simulates Fon e to compute fee
2 Simulate Mz on fro
If Mz accepts then accept
Otherwise reject

LCM L

X E LCM a Mz accepts fees i.e fr ELrMz
for E Le
EL f is a mapping reduction

Contrapositive L Etz L is undecidable then

bois Lz

Exercise T1 F L Em Le then

I Em E

Exercise show correctness of Lap ELAP
Post later

Et show that the ALL is undecidable

by AP Em ALL
ALLEN Given the M is LM E



I Given Itp convert to FALL
He in

Answer to IAP is Y 4

answer to IALL is Y

7 1 N On input w

1 Erase w from tape
2 Load e onto tape 11How x is hardcoded

3 Simulate M on e
in N'sucwoftrol

4 If M accepts x then accept

2 Tiaccepts x LN É
M does not acceptx N does notaccept
Nt any inputstring

LN 0 IN

AP Em ALL since AP is undecidable

so is ALL


