CS3133 - A Term 2009: Foundations of Computer Science Prof. Carolina Ruiz

Homework 2
WPI By Li Feng, Shweta Srivastava, and Carolina Ruiz

Chapter 4

Problem 1. (10 Points) Exercise 4.3

Solution 1:
S is self-recursive, so we need to introduce a new non—re@ssrt symbob” with the associated rule
S’ — S. Note thatS, A, andB are nullable variables.

ST —= S|

S —BSA|BS|SA|BA|B|S|A
B — Bba | ba

A—dA|a

The regular expression {$a)*a*.

Problem 2. (10 Points) Exercise 4.9

Solution 2
Note that:
X|CHAIN(X)
S 1 {S,A,C, B}
A | {A B}
B | {B}
C | {C,B}

Eliminating chain rules from the grammar results in:
S—aAla|cC|c|bB|b
A—aA|a|bB]|b
B—0bB|b
C—cC|c|bBlb

The regular expression for this grammar is:

atb*Uctv*ubt

Problem 3; (10 Points) Exercise 4.15

Solution 3:

TERM PREV

{D, F, G} 0

{D,F,G, A} {D, F, G}
{D,F,G,A,S} {D,F,G, A}
{D,F,G,A,S} {D,F,G, A, S}




TERM ={S, A, F,G, D}

Intermediate Grammar:

S —aA
A—aA|aD
D—bD|b
F —aF |aG|a
G—albd
REACH PREV NEW
{5} 0
{5, 4} {5} {5}
{8, A, D} {S, A} {A}

{S,A,D} {S,A,D} {D}
REACH ={S, A, D}

Final Grammar:

S —aA
A— aA|aD
D—bD|b

Regular Expressionda™tb™

Problem 4: (10 Points) Exercise 4.19

Solution 4:
Transform the rules id- to rules of the formS — X, A — a, A — w wherew is a string with variables
only

S — AAB'B| ABC | a
A—AAla

B — B'BC'C | b

C — A'B'C’

A —aq

B —b

C'—c

Then rewrite the above grammar such that each rule has gXaedriables on the right-hand side



S—>AIT1 |AT3|CL
T1—>AT2
T, — B'B
T3—>BC
A—AAla
B — B'Ty | b
T4—>BT5
T5—>C/C
O—*A/Tg
T6—>B/C/
A —a

B —b
C'—c

Problem 5: (10 Points) Exercise 4.23

Solution 5:

Grammar after removing—rules:

S —X\|A|ABa | Ba | AbA | bA | Ab |b
A— Aala

B — Bb| BC

C—CB|CA|bB

Grammar after removing chain rules: CHAIR(={S, A}

S—X|Aa|a|ABa| Ba| AbA | bA | Ab |b
A— Aala

B — Bb| BC

C —-CB|CA|bB

Now, let's look for useless symbols:

GrammarG:

TERM PREV
{(S. A 0
{5, 41 {5, 4}

TERM = {S , A}

S— X Aa|a|AbA|bA| Ab b
A— Aala

REACH PREV NEW
{S} 0

{s, 4y {s}y {5}
{5, 4} {5,4} {4}

REACH = {S , A}



GrammarGy:

S— X Aala| ADA|bA| Ab|b
A— Aala

Final Grammar in Chomsky Normal Form:

S— AN AA |a| ATy | BA| AB' | b
T1—>B/A

A— AA' | a

A —a

B —b

Problem 6: (10 Points) Exercise 4.27

Solution 6: a.) aab*(aba)b*(abU ba)* U b*abab*
b.)

S— A|B

A — aaB | aaBZ

Z — abZ | baZ | ab | ba

B — bB | aba | bBY | abaY
Y —>bY |b

Problem 7: (10 Points) Exercise 4.30

Solution 7.
S —aAB' | a
A — aAB'A’AB' | aAB’ A’ | aA’AB'|aA’|b
A —a
B'"—1b



Chapter 5

Problem 8: (10 Points) Exercise 5.2

Solution 8: part a

partb

T T T T T T
rrpirlralvalvos
g
I
I
=

part ¢
[bU (a(a U ba)*bb)]*

partd
[bU (a(a U ba)*bb)]* (AU [a(a U ba)*])

Problem 9; (10 Points) Exercise 5.3

Solution 9: part a

partb
Accepted strings arkaab, abaaab.



partc

[bU [aa™b(ba*b)*a]]"aa™b(ba*b)*

Problem 1G (10 Points) Exercise 5.13
Solution 10

Figure 2: Chap5 Question 13

Problem 11: (10 Points) Exercise 5.23

Solution 11:
part a
1) | a b
9 | {001} 0
q1 0 {(J17 (J2}
¢ | {0, a1} 0
partb

[90, aaabb]  [qo,aaabb]l  [qo,aaabb

F [q0, aabb] F [qo, aabb] + [qo, aabb] 90, aaabb]  [qo,aaabb]  [qo,aaabb]

Flgo.abl] g0 abb] - abl) F [qo, aabb] F [qo,aabb] + [q1,aabd]
a0 oy a0 = [0, abb]  F [g1,abb]

F [q07 bb]

[
F [ F [
F [q1,bb
Flan Al F g2, Al ’
. : fails fails fails
fails rejects accepts

See the parallel execution tree in Figure 3



failed

b b

rejected accepted

Figure 3: Chap5 Question 23(b): Parallel Execution Treérfoutaaabb

part c
YES.
partd

[a U [ab*b(ab*b)*a]]*ab*b(ab™b)*

Problem 12 (10 Points) Exercise 5.25 (d)

Solution 12
See Figure 4.

Problem 13 (10 Points) Exercise 5.36

Solution 13
part a
A—closuréqo) = {qo, g2}
A—closuréq;) = {q1}
A—closuréqs) = {q2}
part b

Input transition functiort for M.

The input transition function of a stageon input symbok is given by the following formula:



Figure 4: Chap5 Question 25 (d)

t(g,a) = U A—closuréd(q;, a))
q;eA—closurey)
Hence,

t(qo,a) = A—closuréd(qo,a)) U A—closuréd(qgz, a))
= \—closuréqy) U A\—closuré()
={q0,q2} U0
= {90, g2}

t(qo,b) = A—closuréd(qo,b)) U A—closuréd(gz, b))
= \—closuré()) U A—closuréq, ¢2)
=0U{q, e}
={q1,q2}

t(qo,c) = A—closuréd(qo,c)) U A—closuréd(ge, c))
= \—closuréq;) U \—closuréf)
={a}uUl
={a}

t(qi,a) = \—closuréds(qi,a)) =0

t(q1,b) = A—closuréd(qy,b)) =0

t(q1,c) = A—closuréd(qi,c)) = A—closuré{q:}) = {q1}

t(ga,a) = A—closuréd(gz,a)) =0

t(q2,b) = A—closuréd(qz,b)) = A—closuré¢{q1,q2}) = {q1,¢2}

t(ga,c) = A—closuréd(gz,c)) =0

partc



State Symbol | A—closure of NFA Transition Next State
A—closuré{qo}) | a | A=closurgd(qo,a)) = A—closuré{qo}) = {qo,q2} | {40,042} U0 = {q0, ¢z}
={q0,¢2} A—closuréd(gq, a)) = A—closuré() = 0 [Same ag(qo, a) U t(gz, a)]
b A—closuréd(qo, b)) = )\—closureé(ZJ) =0 0U{q, ¢} ={a1, ¢}
A—closuréd(qz, b)) = A—closuré{qi, ¢2}) = {q1,q2} | [Same as(qo, b) U t(g2, b)]
¢ | A=closured(qo,c)) = A—closuré{q: }) = {¢:} {1} U0 ={a}
A—closuréd (g, c)) = A\—closuréf) = () [Same as(qo, ¢) U t(ga, )]
{q1, 02} a A—closuréd(q1,a)) = A—closur¢() = () Pud=10
A—closuréd(qz, a)) = A—closuré() = () [Same ag(q1,a) Ut(gz,a)]
b A—closuréd(q, b)) = A—closuré)) = () 0U{q1,q2} = {q1, ¢}
A—closuréd(gz, b)) = A—closuré{qi,¢2}) = {q1,¢2} | [Same ag(q1,b) U t(g2,d)]
c A—closuréd(q1, c)) = A—closuré{q:}) = {q1} {0} Ul ={a}
A—closurés(qz, ¢)) = A—closuré¢() = () [Same ag(q1, c) Ut(ga,c)]
{q1} a A—closuréd(q1,a)) = A—closuréf)) = () (0 [Same ag(q1,a)]
b A—closuréd(q, b)) = A—closuré)) = () 0 [Same as(q1,0)]
c A—closuréd(q1, ¢)) = A—closuré{q:}) = {q:1} {q1} [Same as(q, ¢)]

See the state diagram of the resulting DFA in Figure 5.

partd a*[b* U

[cU (b*b)]c*]

Figure 5: Chap5 Question 36 (c)

A good exercise is to determine whether or not the regularesgion above is equivalentd®b*c*.

Problem 14 (10 Points) Exercise 5.41

Solution 14

See the constructed NFA in Figure 6.




Figure 6: Chap5 Question 41 NFA

A—closuréqo) = {qo, g2}

)
A—closuréq;) = {q1}
A—closurégz) = {¢2}
A—closurégs) = {q3}

Input transition function ¢ for the NFA

t(q0,a) ={a1}, tlq,a) =0, t(g2,a) =0, t(g3,a) = {q2}
t(qo,b) ={a3}, tlq1,b) ={qo,q2}, t(q2,0) ={as}, t(g3,b) =0

Constructing the states and transitions of an equivalent DE:

State Symbol | Next State
A—closuré{qo}) a t(q0,a) Ut(ge,a) = {q:1} U0 = {q1}
= {qo, 2} b t(q0,b) Ut(g2,0) = {g3} U{gs} = {a3}
{a1} a  [tlq,a)=0
b t(q1,b) = {90, g2}
{as} a t(gs;a) = {g2}
b t(q3,0) =0
{a2} a t(q2,a) =
b t(q2,b) = {3}

Figure 7: Chap5 Question 41 DFA
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