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Question 02

Consider the following language over ⌃ = {0, 1}, find a set of rules that defines a CFG

that recognizes the language:

L2 = {w | w starts and ends with the same symbol}
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Intuitively. We can determine whatis andisn'tin the language:
NOT:10, 100, 011,

0101

IN: 2, 101,00, 11, 1,0, 1001001

Thus, we can see an arising pattern within our accepted string Wo.

We have 3 cases:

02or 159 or E

where {" is 30,13 or (OU1
*

Next, we startwriting our CFG:

G =( V, 2,R.C), where

V:finite setofvariables

E:finite setofterminals

&:finite setofrules

S:SEU is the startvariable

This is sufficient
S >OXO IXI 3 0 I

Since we are asked to

X >OxIXE find a setofrules, but

Thus we obtain
it is good habitto

include

the formal definition.
G
=(3,x3, 30,13, R,s)

We can check our work toconvince ourselfs thatthe
grammar

is correct.

3, 0x0,00x0, 000x0,0000

3, 1

5, IX1, 11x1, 110x1, 1180x1, 11001



Question 03

Consider the following language over ⌃ = {0, 1}, find a set of rules that defines a CFG

that recognizes the language:

L3 = ;
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We note thatthe accepted language for by is the empty set.

So, we can use the following rules to describe Ly:

375

Thus, nothing is accepted.
We would the have the following grammar...
G=(353,30,13, R, s)



Question 05

Consider the following language over ⌃ = {0, 1}, find a set of rules that defines a Context

Free Grammar (CFG) that recognizes the language:

L5 = {0n1m | 2n  m  3n}
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In plain english, we see thatis are atleasttwice the amountof0,

butnotmore than three times the amountof0s.

Leteconsiderwhatisand isnti thlangueet
12 =4

=18, which dos notsatisfy the condition -

00000011 II,

IN:ifn =2 thn 2(2) =m =3(2)

4 =m
=6,50 m can be 4,5,0r6.

081111, 0011111, 00111111,

Next, we observe the partner
from our intuition ofwhatis andisnotincluded.

We want to either include two is or three is for each 0 We add to our string W.

↑

S >OSII 05111 3 explanation notentirely
necessary,

butthe purpose of

learning is tobe able to convince

the reader thatyour
solution is

Formally our GFGis ofthe form: correctand to explain your process.

G5 =(33,30,13, R.C).

Note:The rule 3, 3, whatwouldhappen ifwe remove the rule?

Whatwouldour string w looklike?

Question:could we correctly add a rule J s0 and /or remove 3: E?

Why couldn'twe change the rules andwouldthe be cases where

the string create still satisfies the requirements?



Question 10

Complete the state diagram by adding missing transitions so that it describes a PDA

that recognizes the following language:

L = {ambn |m,n � 0 and (either m = n or m = n+ 2)}

Start

✏, $ �! ✏

12

5,6

2,3
a, +A b, A +E

2,2 +E

9,3 +$ 2
7

I

9,A +2

3.3 -D
2,A

+E

a,2 +A

Example:

Letm=a andn
=2, our string ofthe form amb" is

habb.

I 2 3
A

↳
A

A A A

$ $ $ $

stack stack stack stack

1

aabb aabb aabb aabb
1

5 6 7

A

D $

stack stack stack

aabb aabb aabb

Thus, we see that"habb"is acceptedin our PBA.
a



Question 11

Derive or generate the string “aabaa” for the following grammar:

S �! aAS | aSS | ✏
A �! SbA | ba
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G =(V, 2,R,5)
Mi

V=25,A3

2 =3a,b3

R =R

To begin, we will follow left-mostderivation: g =S

Ateach step, replace left-mostvariable.

Letus startatS

S -ass,
aassssands sandas

, we replace as by arespectively.
a abaa.

Thus, we can derive "aabac"from our setofrules for grammar G.
m

Additionally, we can representthe above as a pause tree
for this derivation.

step 1 G Step 5
a

S

S
S

S
Step 2

a
a

S S

E

S
S

b a a s 3

Step 3 S
E E

a
S

S Step 6
a

S S

E
Observe all the leafnotes in order

from left-to-right,
Step 4 S

auban de E
a

S
S = aabac

A
E

a
3 S

b a a s 3



Question 12

Convert the following CFG into Chomsky Normal Form:

S �! AAA | ✏
A �! aa | Aa | ✏
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Remember:to converta CFG into chomsky Normal Form (CNE) We
can follow the following

"algorithin"or steps.

1. Addnew startvariable so S. Every rule ofform:

·ABC

2. Remove epsilon (E). 2 A sa

3. Remove unitrules. 3 So "9 Only!
4.Addterminal rules

5. Clean up long rules.

Since ve removed

We begin with step 1of
the algorithm: sa in Step 2n

we will notre-ad th
transition.

So'3 2. S013 E 2p So13 E
L

3 AAAl2 3 AAAE 3 < AAAAA A E

Asam An E A 2 an Aa E Asam An a

32
So 'AAAAA A E 3 So 'AAA AA aa As a E

3 < AAAAA A S > AAAAA aa As a

Asam An a A 2 an An a

Ya
So 'AAA AA aa As a E 4b So AAAAAXX AX a E

3 AAA AA aa An a S > AAA AA XX AX a

A &XX AX a
A 2 an An a

X a
X ↳ a

5a So ·AAA AA XX AX a E 5b So -AB AA XX AX a E

S > AAA AA XX AX a S <AB AAXX AX a

A &XX AX a A &XX AX a

X ↳ a
X ↳ a

B AA B AA

Andnow we have the following rule set:
Where G =(V, E, R, 5)

So AB AAXX AX a E
in V:350,3, A, X, B3, 3a3, R. So3

S <AB AAXX AX a

A &XX AX a

X ↳ a

B AA
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