
Lectures

mid-term : Monday Oct 23 in class

MiÉÉn : Saturday 1- 2pm CSB 451

Today : Midterm Review

Intro to Turing Machines / Computability



teiew: test I

I. Regular Lanuages

DFA

NFA

Regular Expressions
Equivalence : Languages recognized by DFAS

I Languages recognized by NFAS

=
, Languages described by regular expressions

closure properties of Regular Languages

Proving Languages Not Regular : Pumping lemma



teiew: test I

II. Context Free Languages

PDA

Cigs

Equivalence : Languages accepted by PDA

=
. Languages generated by CFG 's

closure Properties of CFLS

Proving Languages Not Context Fee . :

pumping lemma for CFL 's



teiew: test I

R¥:É÷ñ÷% CELS

L = { we {0,11*1 w has an
odd tf of 0 's } Regular

" 11 regular languages
↳ { WWRI we { 0,1 ]

' } Computable
L ' { 0^1

"

l n ? 03



Midtcrmlormat 5- -6 questions

• one true - False (~ 6 q's )
• 2- 3 short answer Q 's

examples : sketch closure prop . if Regular/ CFL
show some L is or isn't CFL

question about pumping lemma

question about DFA NFA

Reg C-
xp ⇒ NFA

• I Q : construct NFA / DFA / Regular Exp.
for some Language

• 1 Q : construct PDA/ ceg
• IQ : pumping lemma for Reg. Lang



Reviewproblems

?⃝ • give a Reg Expression for

L
,

= { WE {0,1T ( w ends in a 1 and

does not contain sibstrtry 'OO
'

}

• give a Reg exp .
for I

• give a DEA for -4
,

-



1+0,71 doesnt accept 01

Tryin (11-01)*1 1- CHOP ← accepts e

✓ Iy3 (1+01)*11-4 (1+01)*01
-

I
,
: Ct @+13*0 c- (01-1)*00 Conf
- -

all strip not allsmñpcmtaigz
ending in a -1 consented



Reviewproblem.ir

DE for ↳ = { WE 29lb f w ends in a 1 and

does not contain sibstrtry 'Oo
'

}

→④°→④→°④Aa
↳⑤☐

.

DFA for T
,
: as above but accept states are {%,q,qz}

and not
qz



Reviewproblems
.

?⃝ give a Reg . Expression for

L = { 0 " si / i is even
, j is odd]2



L; { 0
" I 1 i even

,
j odd }

Reg expression : Cootes ( 117

I = {W f w is not of theform ②
" si

,

i even
a jodd }

Reg exp : 01007*1 (01-1)*1-0711 )*
+ (01-1)*10101-1 )*



DFA for ↳ { w/ w = 0
" II

,
i is even

,

j is odd}

É④

⑤
'

¥
→

DEA for Ty : just make all states but 2 accept states



Reviewproblems
.

③ Is this Language regular ?

L = {oms
" l m -.sn }

3



Reviewproblems
.

?⃝ Is this Language regular ?

↳ = {oms
" l m -.sn }

NO
.

Proof : use PL for CFL's .



Reviewproblems
.

④ Is this Language regular ?

I = { om 1 In such that m = Sn]
4



Reviewproblems
.

④ Is this Language regular ?

L = { om 1 In such that m = Sn]
4

yes . . Ly
-
- strings 0m where m is a multiple if 5

NFA :

④

-
0

Reg C-xp : s → El 000005



Reviewproblems
.

⑤ . give ceg for ↳= { we { cyst f w has twice as

many
a 's as b 's }

* This question
-

is lay hard .

I've provided a solution ifyou
are interested

but this goes way beyond what

you
are expected to know

.

( so you can ignore this question ! )



Reviewproblems
.

⑤ . give ceg for ↳= { we { cyst f w has twice as

many
a 's as b 's }

s → aasb I b. Saa / as ab / asbafe
Doesn't accept baaaab



Reviewproblems
.

TMI
s→ Sasa Sbs / sasbsas / sbsasas

' I ssfe
§

This only generates strings in Ls
But does it generate ad strings in Ls ?

7

\

Does it generate : a-adaaabb.br ?

Yes S → aasb → aaaasbb

→ aaaaaabbb



Toys
→ Ss / Ab Af bsaa / aasb / e
A → as I SA



Let we L
, ,
and say IWI -- n

.

We know:(2.(# bls ) - C# a 's ) ) =o
b

fw :

¥En*.

Let fwci ) = 2 * ( Hb's in Wi -Wi ) - ( Ha 's in W.
. -
W;)

we know fwfo) = 0
,

and fwcn) = 0



Let webs ,

and say lWl=n . We know:(2.cttb's ) - CHA 's ) ) =o
example w= aaabbbaaa

f ;
4-

.

•

n=1W1=9

3 *

@

2-

@

'µÉ• .

→

f- 9 2 3 & 5 6 7 86 9
-2- •

-3-
•

- y
-

f ( i ) = 2 * ( Hb
's in Wi -Wi ) - ( Ha 's in W.

. -
W;)

we know f- (o) = 0
,

and fkn) = 0



Let we L
, ,
and say lWl=n . We know :(2•(# bls ) - C# a 's ) ) =

example w= aaabbbaaa
n= 1W/= 9

4 ? '

•

3 *

@←I• .

"" =
" """ " " """ " " " " " """

2 -

•
•

we know f(o)=o
,

and C- (w ) 0

§
* - 3 • s 5 a & g

- 2 •

- 3 -
•

teases w = XYZ where f (x) - o f (Xy)
< 0

each time we add one character to ✗ we either increase fw by 2 or
decrease fu by 1 , so we can split y into 4,42 such that CCXY

,
)=0 .

then can by induction generate XY, from S
,
and yzt from S

.

Casey w=xyz where fwcx)<0
, fwcxy ) >0 ( like example above)

then can always split y into y , Yz such that either lil flxy ,
1=0

or Iii ) C- Cxy , ) = -1 and yz starts with b



Let we L
, ,
and say IWI -- n

.

We know:(a•(# bls ) - C# a 's ) ) =o
example w= aaabbb aaa ,

a- IWH 9

4 ?
'

•

3 *

2 -

•

⑨

@•t•É•g fci) =
2*1 # b's in Wi -Wi ) - C # a's in w

.
. .my

)we know f-(o) -_ 0
,

and C- (w ) O

-z ! •

- 3 -
•

- y
-

teases w = XYZ where f (x ) - o f (Xy)
< 0

each time we add one character to ✗ we either increase fw by 2 or
decrease fu by 1 , so we can split y into 4,42 such that CCXY

,
)=0 .

then can by induction generate XY, from S
,
and yzt from S

.

Casey w=xyz where fwcx)<0
, fwcxy ) >0 ( like example above) e

then can always split y into y , Yz such that either lil flxy ,
1=0

or Iii ) C- Cxy , ) = -1 and yz starts with b

if in holds then can generate xy, from
S and Yzz from S

if Ki) holds then W = w
, bwz where fcw

,
)=f(Wz) = -1

tin our example aab-bbau.az#--w)w
,

then generate w by :
s→ Ab A

,
where d- generates any ✗

•

with fcx) = -1



Let we L
, ,
and say IWI -- n

.

We know :(2•(# bls ) - CHA 's ) ) =o
example w= aaabbb aaa ,

a- IWK 9

4 ?
'

•

3 *

2 -

•

⑨

@•t¥•É¥•g fci) =
2*1 # b's in Wi -Wi ) - C # a's in w

.
. .my

)we know f(o)=o
,

and C- (w ) O

-z ! •

- 3 -
•

- y
-

teases w = XYZ where f (x ) - o f (Xy)
< 0

each time we add one character to ✗ we either increase fw by 2 or
decrease fu by 1 , so we can split y into 4,42 such that CCXY

,
)=0 .

then can by induction generate XY, from S
,
and yzt from S

.

Casey w=xyz where fwcx)<0
, fwcxy ) >0 ( like example above) e

then can always split y into y , Yz such that either lil flxy ,
1=0

or Iii ) C- Cxy , ) = -1 and yz starts with b

Cas-e3_ If cases (1) + (2) dont had then we , thee w
= bxaa or aaxb

.

If w= bxaa
.

Then generate w by : s → bsaa
,

and inducted
s ✗

Similarly if w= aaxb then use s
→ aasb

,
and inducing s⇒ ✗



RevieWProblems_6@gniaCFgfmL-Ex.ttx
,
#

.
.
-# ✗ a / KII and X

,

= XJR for some i,j ]6

Note : Solution has been corrected



Reviewproblems

.

n

⑥ gut a Cfg for

↳ { × , ttxz # .
.
-# ✗ a / KII and X

,

= XJR for some i,j }6

s → LBR I LCR '

,

C → a Cal bcb La / bye ←
generates palindromes

B → aBal b Bb I # L ← generates WHY #We -
-#we#WR for any K

L → A # L ( E
- w

,
# Wz# . .

# We# for any K

R → HARIE-
#w

,
# We . . # We for any bA → 0A I 1A I E-

8-
generates all WE { 96] "

LBR : generates X,#Xz # . - . . #We such that uf=w,R
for some i=j

LCR :
" "

such that wi=wiR for some i



Reviewproblems

?⃝ give PDAs for Questions 6-7

Are these Languages regular ?


