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I Decidable Language,
-

A
DFA
- KB >sw> l B is a DFA and we KB ))

( B > and s w>
are coded vis

the universal

alphabet and the
universal state set .

Notation SB
,
w> =L B>Cw>

LB
,
w> GADEA ⇐ B is a DFA and

→01-00 C- FCB)
t initial state

of B

¥4.1 Appa is decidable :

Let M
,
be a DTM

which works as follows :

M
,
: on input SB ,

w>=L B>Cw>

1
.

check whether B is a
DFA and reject LB, w> if

it is not

2 . Simulate B on w

3
.

If B is in an accept state after readingw → accepts B.
w>

e.In reject 2 Bow>



A
NFA

=3 SB ,
w> l B is an NEA and WELCB)}

Theorem 4.2 ANFA is decidable
-

Proof : let A bear DTM which given
-

an input B ,
first checks whether

< B> is an encoding
of an NFA

• If B is not an NFA ,

A coil lootpot

the encoding LB
' 2=2137 (which is not a DFA)

• If B is an NFA ,

A will output

51317 when B
'
is a DFA with LBC ) -- LBC )

437 SB
'
>

→ →

A



⇒ SB
'
>
→ accept

→

A

M
,

-→ reject

M
L

Ma : on input 213>Cw>

. an A to convert CB> into LB'S

a Nu M
,
on LB

'
> Cw>

accept if M ,
accepts

reject if m , rejects

My decides ANFA



A-
REX
- KR>Lw> I R is a regular expression

and WE LCR)
I

Theorem43_ Apex is decidable

proof :
- B first checks whether this

⇒ ¥3
a legal regular expression

B . If it is not ,
thenB

outputs <Bpf
which codes

or non - NFA

. If R is a regular exp
r
.

then B generates the code
of

an NFA Br with
L@p)=L@ I

⇒ ¥,
→ accept

B

Is
-reject

My M3

My decides A
REX



EDFA - 34A> / A is a DFA an LACI -0/1

Theorem 4.4
-

EDFA is decidable

My : on input < A>

1) check if LA
> codes a DFA .

If not
, reject LA>

2) let DA be the underlying
digraph of A

3) If DA has a
directed path from the

vertex

Vo corresponding to
the initial state foot

A

to some vertex vi. corresponding
to a stab g.E FIA)

if such a path exists , ac§t
CA>

else rejectsA>
reject

taunt
EQDEA - h LA>43> I A- andB are DFAs and LACK LBC ) )

Note L@ I - LBO ⇐ CLACK LBC )) u 41411 LAU ) - 0

, L@ In Faun to



< A> If CA> arrests>are
→ a>

-

→ DFAS then output
(B> E DFA with
→

L@ + (haunted)o( EAUNLBU)
Else ootpota DEAK>
with LEHI

"

L @ 1=0 GARB> EEQDFA

€7 <c>
→accept

→

⇒ E → reject

My

Ms

Mg decides EQDFA



Aces = hCG>Cw> / G is a CFG and we L④ }

Theorem4.7-Acec.is decidable

proof let Mees be a
deterministic TM

which

I
.

Checks whether LG>
code , a CFG

If not
,
reject so>Lw>

2 .

Convert G to G
' which is a Chomsky

( FG with L@ I -- L@ )

3
.

Check all possible derivations

of length 21Wh - I and accepta>Lw>

if one of them is the string w

4
.

If no derivation gives w

reject LG>sus



Eceg = 1567 / G is a CFG and L@1=01

Note : we
cannot aford to check all possible

strings w via MeEG
,
but

Theorem 4.8 Ecesis decidable
-

p : we
want to check

whether Ipe 2-
*
s .t

s Ep

1
.

Mark all terminal symbols

h . Repeat
if A → qua .

- -un is a rule when all Ui are marked

then mark A

tf s become, marked reject <67

Until no change

3
. accept LG>

example : V v u

- S → ABI CD

A- → AA

B -s Bd
✓ vC -s c

DI ABI d✓



Next relevant question :

EQCFE 456
,
It> I 6 and H are C FGs and

L@ I -- Lett
/

Protein : we cannot un the same

approach as we
did fo- DFA s a , the netof

context - free Ian guans is not
clone under

complementation and
intersection so

¢@ In LIII lo (LTU n Litt ) may
not

be a context - free tan sua n .

In fact no algorithm can decide
EQ
ceo

!



Theorem4.at Every context -free language is decidable

Prout

⇐ -accept

- reject

MCFG

m*
G

ME decide , the context -free Iamsuan L@ I

regular
yaisiliie-d.mnsilat
context-free

decidable
Ha
"89%201

• ATM

recognizable



Atm - Ism>aw> ( M is a deterministicTM and we LCM) l

theorem Atm is Toning - recognizable

proof :
-

l
.

check whether Lm>
codes s DTM

if not reject an>Cw>

2 .

⇒ → accept⇐ M accepts w

→ reject⇐ m rejects w

u

Nio the universal TM

it will loop on Lm> Lw>
⇐ M loops on W

Es E, → accept

A → reject
←r→

a

Mtf

A : check whether M is a DTM

if not loop
eln and am> to U

MY recognize ' ATM
.


