
REDUCTIONS



Recall: Showed the following language undecidable (Halting problem)

Lim = {(M)#w/ M i s a TM and M accepts w}

Used
a
diagonalization technique to prove this

For him, w e assumed the existenceof a machine H whichdecided i t

We then constructed D , which invoked It to do its computation
.

Since
w e r a n into a parado

x

about the operationof D o n CD 7,

w e
claimed that D could not exist, and

this led u s to contradict o u r assumptio
n

about the existence of H .



One
c a n . i n

general, do this for
any

undecidable language.

Only the specificmachines involved change!

But they might be quite complicate
d

to set
up

One
c a n u s e a

different technique instead: Reductions

Suppo

se
I want to comput

e
the productof m , n e N .

If
I prove that m a n =

m+m+....+nn,
then

n times

if someone
provide

s
m e a

machine to comput
e

+ , I c a n
comput

e
* . .

I f n o machine c a n
comput

e
* , n o

machine
c a n
compu

te
+ .



Suppos

e
I c a n "easily" convert every

string i n α to o n e i n R .

Conversion-maps
every

string i n α to s om e string i n R

every
string not i n α to s o m e string not i n R

o e - α iff r (o) E R

Then, from a
decider for R . I c a n build a deciderfor α .
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- M '

Decider for α

•! " "
R

If
output of M on-(w) i s Y : -(o) ∈ R , s o w e L

N : + (w) ∉ R , s o w∉ α .

What
if α

is known to be undecidable?Then s o i s R .



For
any

two languages L and R o v e r
alphabet

s
Σ , and Σ .

if there is a total and
computable function

r : Σ ; → Σ,"s i t .

for any w e 21, w e α iff-(w) E R , then.

w e say that α reduces to R (denoted α ≤ R), and

if
α is (independen

tly
shown to be) undecidable, s o i s R

α ≤ R : R is at least a s difficult (to decide) a s α
IfthereisadeciderforR.ther

eismfrf.IS-αis undecidable, s o i s R

Proofed:
Assume R i s decidable, show α would become decidable

Contradict the decidability ofR T usually

Halting problem


