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Chapter 2

Problem 1: (10 Points) Exercise 2.1.
Solution 1: Letw be a string in Let*, the length of stringy, Length(w), is defined as follows:
e Basis: Length(w) =0, if w = .

e Recursive Step: Length(w) = 1+ Length(y) wherew = ay,a € ¥, y € ¥* andw € X*.

Problem 2: (10 Points) Exercise 2.4.

Solution 2:
a) Strings in set XY aréaa, aab, aaab, bb, bbb, bbab}

b) Strings of length 6 in X* ard aaaaaa, bbbbbb, aaaabb, aabbaa, bbaaaa, aabbbb, bbbbaa, bbaabb}
c) Strings of length 3 or less in Y* are\, b, ab, bb, bab, abb, bbb}

d) Strings of length 4 or less in X*Y* can be computed in theMahg way:

X* elements of legth 4 or less £\, aa, bb, aaaa, aabb, bbaa, bbbb}

Y* elements of legth 4 or lessf\, b, ab, bb, bab, abb, bbb, abab, babb, bbab, abbb, bbbb}
Therefore elements of X*Y* of length four or less are:

{A, b, ab, bb, bab, abb, bbb, abab, babb, bbab, abbb, bbbb, aa, aabaaab, aabb, aaaa, aabb, bbaa}

Problem 3: (10 Points) Exercise 2.5.
Solution 3:

a) Assume thak denotes the set of all of the strings in the languadkat are generated with zero applica-
tions of the recursive step (i.e., the basis), dpalenotes the set of all of the strings in the languagbat

are generated with exacthyapplications of the recursive step, for 0.

Lo = {b}

Ly = {bb, bab, bba}

Lo = {bbb, babb, bbab, bbab, babab, bbaab, bbba, babba, bbaba, bbba, bbaba, bbbaa }
b) The stringhbaaba does not belong td..

Explanation: Ifbbaaba were in L, the only two possible ways to have generated it would be:



1. Ifthe stringu; = bbaa were in L, because if it were, then applying the recursivp giéa will produce
the string we want. But; = bbaa is not in L, because the only way to construgtusing the recursive
step would be ifus = ba were inL. Butus = ba is not in L, because the only way to construgct
using the recursive step would beuf = A were inL, but it is not.

2. Ifthe stringu; = baabwere in L, because if it were, then applying the recursivp 8tga will produce
the string we want. But; = baab is not in L, because if it were then EITHERa would belong in
(but it can’t because the recursive step would only consitifcba were inL but it is not becausg in
not in L); OR ba would belong inL, but we should showed it is not.

¢) The stringhbaaaabb does not belong td.

Explanation: Given the fact that = bbaaaabb ends with two bs, then the only way in whieh could
have been generated is using the recursivestépvhereu; = bbaaaab belongs toL. Now, let’s see ifuy
belongs tal. If it did, it must have been generated by either using thans#ee stepub or the recursive step
uab.

e Hypothesis 1u; = bbaaaab was generated using the recursive sigpwhereus = bbaaaa belongs
to L. Given the fact that:; ends onza, then the only way it could have been generated is using the
recursive stepuza whereus = baaa belongs tolL. Similarly, u3 must have been generated fram
But, aa does not belong td., as each string i, contains at least one b (see basis). So hypothesis 1
fails.

e Hypothesis 2u, = bbaaaab was generated using the recursive stepb whereu, = bbaaa belongs
to L. Given the fact that:y ends onza, then the only way it could have been generated is using the
recursive stepusa whereus = baa belongs toL. Similarly, us must have been generated fram
But, a does not belong td,, as each string i, contains at least one b (see basis). So hypothesis 2
fails.

Hencew = bbaaaabb cannot belong td. since it cannot have been constructed from the basis using th
recursive steps.

Problem 4: (10 Points) Exercise 2.8.

Solution 4:
Let L be the set of strings ovét = «a, b which contain twice as manys asb’s, the language L can be
defined recursively as follows:

e Basis )\ € L.
e Recursive Step: if u € L andu can be written ag = xyzw, wherez, y, z,w € ¥*, thus:

1. zayazbw € L,
2. zaybzaw € L, and
3. zbyazaw € L

e Closure: A stringw is L only if string u can be generated frorusing a finite number of recursive
steps.

Problem 5: (10 Points) Exercise 2.14.
Solution 5: a*b*c*



Problem 6: (10 Points) Exercise 2.16.

Solution 6: (aUbUc)(aUbUc)(aUbUc)
[You can abbreviate this regular expressiori@s/ b U c)?]

Problem 7: (10 Points) Exercise 2.25.

Solution 7: (a U bc U ¢)*

Problem 8: (10 Points) Exercise 2.26.
Solution 8: (b*ab*ab*ab*)* U b*

Problem 9: (10 Points) Exercise 2.29.
Solution 9: (bUcUabUac)*aU (bUcUabUac)* = (bUcUabUac)*(aUN)

Problem 10: (10 Points) Exercise 2.34.

Solution 10:

Since the string should contalf in any position and the length of the string must be odd, therstring
should be of the shape: odd-strisigeven-strind_J even-stringb odd-string
where even-stringnd odd-strin@re just a shortcuts:
even-string= ((a U b)(a Ub))*, and
odd-string= even-strinda U b) = ((a Ub)(a U b))*(a U b)

Note that the empty stringg belongs to even-stringHence, the expression above allokbsto appear
at the beginning, or at the end of the string, in addition tahi@a middle of the string. Now, writing this
description as a regular expression, we have:

(((aUb)(aUb))*(aUb)bb((aUb)(aUb))*)UJ(((aUb)(aUb))*bb((a Ub)(aUb))*(aUbd)).

Problem 11: (10 Points) Exercise 2.40.

Solution 11: a). [Cc]
Output:

Cowards die many times before their deaths;
The valiant never taste of death but once.
Seeing that death, a necessary end,

Will come when it will come.

Note: grep will output all the lines containing letteror C'.
b). [K — Z]

Output:

The valiant never taste of death but once.

Of all the wonders that | yet have heard,
Seeing that death, a necessary end,



Will come when it will come.

Note: grep will output all the lines containing lettéf, L, - -- , X, Y, Z.

0.\ <[a—2z]{6}\ >
Output:

Cowards die many timdsefor e their deaths;
It seems to me most strange that nshould fear;

Note: The lines contain words with exactly six lower case letters

d).\ <la—2[{6}\ >\ <la—2]{7}\ >
Output:

Cowards die many timdsefor e their deaths;
Thevaliant never taste of death but once.

Of all thewondersthat | yet have heard,

It seems to me mostrange that menshould fear;

Note: The lines contain words with exactly six or seven lower dafters.

Problem 12: (10 Points) Exercise 2.41.
Solution 12:
1. anumber
[1—9][0—9]*
2. astreet name
[A— Z][a—2]T

3. an identifier or abbreviation
Street|St|Road| Rd|Blvd| Ave| Avenue|Plaza| Pl

Note: it could be many, we don’t expect you have a completbeset.

Summary:[1 — 9][0 — 9J*TF[A — Z][a — 2] TO* [Street|St| - - - | Pl]
Note: OF denotes the space chars between numbers, street names idedtdier. (] here means gpace
char.



Chapter 3

Problem 13: (10 Points) Exercise 3.2.
Solution 13:

a) Leftmost derivation fotabbba

DerivationSteps
S = ASB

= aAbSB

= aaAbbSB
= aabbSB

= aabbB

= aabbba

b) Rightmost derivation fotibaabbbabbaa

DerivationSteps
S = ASB

= ASbBa

= ASbbaa

= AASBbbaa

= AASbabbaa
= AAbabbaa

= AaAbbabbaa
= AaaAbbbabbaa
= Aaabbbabbaa
= aAbaabbbabbaa
= abaabbbabbaa

¢) See derivation trees for parts (a) and (b) included onabiedages of these solutions.

d) L = {(a™b™)k(b™a™)/|n >0,k >0,m > 0,7 > 0} U {\}

Problem 14: (10 Points) Exercise 3.6 Part (c).
Solution 14: (ab)™(cd)™ (ba)™(dc)™, wherem,n > 0.

Problem 15: (10 Points) Exercise 3.8

Solution 15: Grammar:
S — aScclaAcc
A — bAc|be
Note: A is not in this language, sinee, n > 0.



Problem 16: (10 Points) Exercise 3.25

Solution 16:
Grammar:
S — aA|bClaB|bD|A
C — aAlbC|\
A — aC|bA
D — aD|bB|A
B — aB|bD

Note: A andC rules generate strings with even numbertf B and D rules generate strings with odd
number oft’s. Note also, that the variable A “assumes” that an odd nurobe’s appear on the terminal
prefix to the left of A, and the variable C “assumes” that amawember ofa’s appear on the terminal prefix
to the left of C. Similarly, the variable B “assumes” that ae®number ofi’s appear on the terminal prefix
to the left of B, and the variable D “assumes” that an odd ewanlyer ofa’s appear on the terminal prefix to
the left of D.

Problem 17: (10 Points) Exercise 3.32

Solution 17:
a)atbt

b) Derivation 1:

DerivationSteps
S =aS
= aSbh
= aabb

Derivation 2:
DerivationSteps
S = Sb

= aSbh
= aabb

) See the derivation trees for part (b) included on the lagep of these solutions.

d) An unambiguous gramma#’ that is equivalent t@- is:

S — AB
A—aAla
B —bB b

Problem 18: (10 Points) Exercise 3.34
Solution 18: a).

atotb U



b). The key idea is to show that there is a unique leftmost deomaif every string inL(G). In this
language) can be generate with the rufe — X only. Other string are of the forma‘b’, wherei > 1 and
4 > 2. To generate the given strirgb’, the only leftmost derivation should be in the followingfar

DerivationSteps Rule

S = aA S — ad
Slaia A—aA
= a'bB A — bB
=2 i 2B B — bB
= a'bb?—2p B—b
= a't’

Clearly, each step you only can use one rule to generatgsttti. Starting withS — a4, you need
exactly: — 1 step with the ruled — a A to generate correct number@$. Similarly, toj number ofb’s, you
need applyi — 2 times of the ruleB — bB. Otherwise, you could not get the correct string. Thus, we ca
sayG is unambiguous.

Problem 19: (10 Points) Exercise 3.37
Solution 19:

Ly: S; — aAbClabe
A — aAb|ab
C — cCle

Ly: S — DbBclabe
D — aDla
B — bBc|bc

L(G) =Li1ULy: S§— S1|SQ
S1 — aAbCabe
Sy — DbBc|abe
A — aAb|ab
C — cClc
D — aDla
B — bBc|be

To prove that is ambiguous, we only need to find a stringe L(G), and there exists two leftmost
derivation to generate.
Letw = aabbee, clearly,w € L1, andw € Ls.
Leftmost derivation 1,
S =5
= aAbC
= aabbC
= aabbcC
= aabbce

Leftmost derivation 2,
S = SQ
= DbBc
= aDbBc
= aabBc
= aabbcc



The stringaabbce can be generated by two different leftmost derivation§jrand soG is an ambiguous
grammar.

Intuitively, any grammar that generates the languagé) L, will have two different ways to derive
strings of the formu’bic? for i > 0, as those string belong to bofh and toLs.

Problem 20: (10 Points) Exercise 3.38

Solution 20:
DerivationSteps

< Literal >=< FloatingPointLiteral >

=< Digits > . < Digits >< ExponentPart >
=< Digit > . < Digits >< ExponentPart >

=< NonZeroDigit > . < Digits >< ExponentPart >
= 1. < Digits >< EzxponentPart >

= 1. < Digit >< ExponentPart >

= 1. < NonZeroDigit >< ExponentPart >

= 1.3 < ExponentPart >

= 1.3 < EzponentIndicator >< SignedInteger >
= 1.3e < SignedInteger >

= 1.3e < Digits >

= 1.3e < Digit >

= 1.3e < NonZeroDigit >

= 1.3e2
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Chapter 3, problem
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Chapter 3, problem
32.c for string aabb



<Literal>

<FloatingPointLiteral>

7\ T

<Digits> - <Digits> <¢ntPart>
1 3 <Exponentindicator> <Signedinteger>
e <Digits>




