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Formal Languages and Automata Theory

1. Create a grammar to generate the following languages:
a) {a, aa, aaa}

b) { a, aa, aaa, aaaa, aaaaa, ...)

C) {)\, a,aa,aaa}

d) { )\, a, aa, aaa, aaaa, aaaaa, ...)

The notation used to denote each one of the languages is:

a) {a" Ine[l,3]}
b) {a" In>0}
c) {a" |ne[0,3]}
d) {a" |n>0}
Solution:
a)
G=({a}, {S}, S, P} where:
P={S::=a|aa|aaa}
b)
G=({a}, {S, A}, S, P} where:
P={S::=A
A:=a|aA}
c)
G=({a}, {S}, S, P} where:
P={S::=)|a|aa|aaa}
d)
G=({a}, {S, A}, S, P} where:
P={S::=A|A
A=a|aA}
2. Given the grammars G=({c,d}, {S,A, T}, S, Pi} where:

G1 G, Gs G, Gs
Zr={c} Yr={c,d} Yr={c} 2r={c,d} 2r={c,d}
ENT = {S, A} ENT: {S, A} ENT: {S, A} ZNT = {S, A,T} ZNT = {S, A}
P.: SoAlA P,: SoA| A P, SoAlA P, S—>CA Ps: SoA| A

A—>AA|C A—cAd| cd A—AcA|c A—d|cA|Td A—Ad|cA|cld
To>Td|d

Determine the associated language.

Solution:

L(G) = {x/ S*— x AND xexz*}
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Formal Languages and Automata Theory

a) Su=A|A
A:=AA|c
S
o T
D,
o

L(G)={ A, ¢, cc, cce, ... }={A, c"}withn=1,2,3, ......

b) S:=A|A
A::=cAd | cd
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Formal Languages and Automata Theory

c) Si=A | A
A:=AcA|c

S
o
D,
o
AcA D

/\>

ACACA cCA

AcACACA ot
ACAC_ /\
\ CCACACA cceeA

cCACACACA CCCCACA
\ /\

CcCccCACACA ccccccA

ccCcCcCACA
/\

ccccccACACA ccecceecA
L(G3)={ A, c, ccc, ceecc, ceeeec,.... = {A, ¢"}withn=1,3,5, ...... = CCCCCCCCACA

={}, c®™} withn=0,1,2, 3, ......
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Formal Languages and Automata Theory
d) S::=cA
A:=d|cA|Td
T::=Td|d

L(Gy)={c"d"/ n,m=1}
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CCCCA cecTd el \
; ccTddd
way— <4, ced, Leeu .....,cdd, ceda,....fccaaa, ceddd, ¢ = {c"d"}w z
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Formal Languages and Automata Theory
e) Si:=A|A
A:=cd |Ad | cA

L(Ge)={n, c"d™/ nm>1}

s
ey

. P

cAd

o

Ad

L(Gs)={ A, cd, cdd, cddd.,...... ccd, ccdd, ceddd,.... }= {A, c"d™} with n,m>=1

N2 Universidad @ @ @
# Carlos III de Madrid
&  wwwuc3mes

T e
dd cA:dd _/

CCcA




3.

Formal Languages and Automata Theory

Determine the type of the following grammars into the Chomsky Hierarchy. Justify your answer.

a) G=({ab}, {A,B,;S}, S, P),
P={S::=aA, A::=bB, A::=aA, A::=a, B::=A}

b) G=({a,b,c} {AB,C,S} S, P),
P={S::=aAb, S::=Ba, S::=A, aAbC::=aAbB, aAbC::=aabC, BCc::=AaCc,
BCc::=BaAbc, C::=Ca, C::=a}

¢) G=({ house, garden, cat}, {S, CASTLE, FOREST, TIGER }, S, P),
P={S::=TIGER garden, S::=FOREST CASTLE, FOREST::=A, garden
CASTLE TIGHER house::=garden FOREST TIGER house, cat CASTLE
FOREST::=cat FOREST house TIGER FOREST, FOREST::=TIGER house,
FOREST::=garden }

d) G=({xy} {C.ABS} S, P),
P={S::=Cx, S::=Cy, S::=By, S::=AX, S::=Xx, S::=y, A::=AX, A::=CXx, A::=X,
B::=By, B::=yA, C::=xA}

e) G=({abc}, {SB}, S, P),
P={S::=abc, S::=aBSc, Ba::=aB, Bb::=bb}

Solution:

4,

a) Type-0.
b) Type-1.
c) Type-0.
d) Type-2.

e) Type-0.

Given the gramar G,
G=({a,b,c}, {S,AB}, S, P), P={S::=), S::=aAc, A::=aA, A::=Ac, A::=B, B::=b, B::=Bb}

It is required:

a) Specify the type of G in the Chomsky Hierarchy. Justify your answer.
b) Determine the language L generated by the grammar.
¢) Construct two different derivation trees for a word in L(G).

d) Verify if the following sentential forms are valid in G, and write a derivation chain to generate
the valid ones.

d.1.- aaAcc
d.2.-ac
d.3.-ababBcc
d.4.-abbccc

Solution:

a) Itids Type-2 grammar.
b) L(G)={a"b’c', p=qg=r=0 or p,q,r>0}.
c) word=aabcc
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@@%

S — aAc — aaAc — aaAcc — aaBcc — aabcece
S — aAc — aAcc — aaAcc — aaBcc — aabece

d)

d.1.- aaAcc: S — aAc — aaAc — aaAcc

d.2.- ac: not valid

d.3.- ababBcc: not valid

d.4.- abbcce: S — aAc — aAcc — aAccc — aBece — aBbece — abbecc
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5. Obtain a type-0 grammar for the language L={a"b"c" / n>1}.

Solution:

S::= abc| aBSc
Ba::=aB

S
Bb::=bb / \
aBSc

aBaBScc

aBabcc A

2aBboc aBaBabcee aBaBaBSccc

l e

aaBBabccc aBaBaBabcccc

aaBaBbccc aBaBaaBbccce

| }

aaaBBbccc aBaaBaBbccce

|

aaaBbbccc aBaaaBBbcccc

aaBaaBBbcccc
|

aaaBaBBbcccce

|

aaaaBBBbccce

}

aaaaBBbbcccc

aaaaBbbbccce

aaaabbbbcccc
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6. Obtain an equivalent well formed grammar for the following one:

G =({ab,c,d}, {X)Y,Z,0,P,QA}, Z, P),
P={Z::=Z,Q::=0P, X::=aa, Z::=aX, Y::=aa, Z::=Ya, O::=b, Z::=aaa,
P::=QO0, Q::=d, P::=c, O::=PQ}

Solution:
G'=({a}, {X\Y, Z}, Z,P), P ={Z::=aaa, Z::=aX, Z::=Ya, X::=aa, Y:.=aa}

7. Given the following left-linear grammar G, obtain an equivalent right-linear G’ grammar.

G=({0,1},{A;S},S,P)
P={S:=1]|Al; A::=80}

Solution:

G LI =({ab}, {AS,B}, S, P), P={S::=1]1B, B::=0A, A::=1|1B}

8. Given the gramar G:
G =({efg,z,abd} {Y, X E, A D,I G} A, P),

P={ A:=a
E::=b
A::=azb
A::=aX
E::=E
G::=g
X::=XE
D::=el
X.=
Y=
I::=fG
X::=Xb
E::=d }

a) Transform to CNF detailing the process followed.

b) Determine whether the words 'abz' y ‘azdbb" are included in the language generated by G. If
this is the case, generate a parse tree for the included words. If not, justify the not inclusion in
the language.

Solution:

G''=({ab,dz}, {A B, C,D,E,F X} A P,
P*={
A=a
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Formal Languages and Automata Theory

b)

A — BX — aX — aXF — aXFF — aXEFF — azEFF — azdFF — azdbF — azdbb

9. Obtain a grammar in CNF equivalent to the following grammar:

G=({ab,c}{S A BCDE),SP)
P={ ::=AaB | Cbb | B

::=Aa|cD

i==a|Ba|kA

::=Sa|a|abB

;=aaA

>=aa}

mooO®>w

Solution:

G=({a, b}{S,B,CD,EFG)S,P)
P={S:=CD|a|BF|x

=a|BF

=SF|a|FG|FE

=EE

2=hb

n=a

= EB}

OMMOoO®

10. Given the gramar G calculate an equivalent grammar in GNF.
G =({ab}, {S}, S, P), donde P ={S::=aSb | SS | A}
Solution:

G’ = ({ab}, {SXB}S, P'})
P ={

aSB | aSbB | A

S::
X ::=aSBX |aSBXX | aSB
B ::

a
b

N2 Universidad @ @ @
§ Carlos Il de Madrid
Y www.uc3mes




