
MEREDUCTIONS



Recall:

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

I f
α is undecidable, s o i s R



Claim: Le = {(M)/M i s a TM and M accept

s E} i s undecidable.

①
Suppo

se
he i s decidable. There i s a machine E deciding he.

② Want to show him ≤ Le.

+ (s) = ( P s ) . where Ps
does the following o n input x :

(a) I f s is of the form ( M ) # w
where

M i s a TM, procee
d

to (b) .

(b) Run M o n w ,
accept a if M

accepts
w . T e is irrelevant!

S e Lim ⇒ α (Ps) = { * ⇒ E E L (Ps) ⇒ ( Ps ) ∈ he

s∉ him ⇒ L (Ps) = of ⇒ E ∉ L (Ps) ⇒ ( Ps ) ∉Le

So,
SELIM ⇔ -(s) ∈ he.



E accepts
if
P, accepts E ,

rejects
if
Ps doesnot acceptE

r

⅓ww!!⚠É#YIN

Le
_,

This machine
Ps accept

s any
string
if s is of the form (M )#w. decides him

where M i s
a T M and M accept

s
w ;

otherwise, Ps does not accep
t any

string

But Lm i s undecidable, s o this yields a
contradiction!

So
o u r assumption about the decidability of Le w a s wrong.

•

. . Le i s undecidable.



What about the following language?

Ls =
{2m> /M accepts <m>}



Claim: Ls: {(m)/M accepts (M)} is undecidable.

①
Suppo

se
Ls i s decidable. There i s a machine S deciding Ls.

② Want to show him ≤ Ls .

+ (s) = ( P s ) . where Ps
does the following o n input x :

(a) I f s is of the form ( M ) # w
where

M i s a TM, procee
d

to (b) .

(b) Run M o n w , accept a if M
accepts

w . s e
him ⇒ α (Ps) = { * ⇒ (Ps) E L (Ps) ⇒ ( Ps ) ∈

α ,

s∉ him ⇒ α (Ps) = of ⇒ (Ps) ∉ L (Ps) ⇒ ( Ps ) ∉Ls

So,
SELIM ⇔ -(s) ∈ Lg.

But Len i s undecidable. So contradiction! Ls i s undecidable.


