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Modellierung und Verifikation von Software Solution - Exercise 2
apl. Prof. Dr. Thomas Noll Friedrich Gretz, Souymodip Chakraborty
Exercise 1 (Time and Space Complexity): (2 Points)

Consider the comparison of the complexities for DFA and NFA method given in lecture three, slide 9.

a) Give an example regular expression, for which the DFA method requires the worst-case space complexity
O(2121). Argue why your answer is correct.

b) Give an example regular expression, for which the NFA method requires the worst-case time complexity
O(la| - |w|). Defend your answer shortly.

Losung:

a) Every regular expression has a DFA with equivalent language. We say two states of a DFA A say s, s are
different if there exists a string v such that §(s, v) is in the final state and §(s’, v) is not in the final state
or vice-versa (notion of equivalent states was some what touched in Exercise sheet 1).
Consider the regular expression *

rm=2%ax"h

where alphabet > = {a, b}. Let A, be the corresponding DFA for r,. Let w = aaBb and w' = o’a@’b.
where || = |B'| = n. After reading w and w’ let the automaton be in the states s, s, respectively. Let
B # B, thus there exist an index i such that B(i) # B'(i) [the it" symbol of B]. W.l.o.g assume B(i) = a
and B'(i) = b. The string v = b’ distinguishes s and s’, as §(s, v) is in final state and &(s’, v) is not
(since, wv € L(r,) and wv' & L(r,)).
Thus, for each distinct 3 there is a distinct state of A, and there are 2" different 3's.

b) a, = Q*Q".
A,

Q
Q Q
The number of states of automaton A, is O(n). For all string w, the number of reachable states increase
by 1 till it becomes equal to |Q|. Thus, the NFA method runs in O(|a,] - |w]).
Exercise 2 (Longest First Match Principle): (4 Points)
a) For extended matching two principles have been introduced to resolve nondeterminism during analysis,

the longest match principle and the first match principle. Argue why these principles are reasonable to
use. Instead, we could have insisted on an unambiguous definition of the symbol classes, i.e. for regular
expressions o, .. ., ap it should hold [o;] N [oy] = 0, for all 1 < i < j < n. Why is this not a good idea
from a practical point of view? Give examples to support your explanations.

1 This example is due to Samiro
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b) Let ag,..., o, be regular expressions over ~ and w € X*. In the lecture it was assumed that € & [a;]
and [oy] # 0 for all i € {1,..., n}. Show that these are reasonable assumptions by proving the following
proposition:
o If [o;] = 0 for some i € {1,..., n} there exists no flm-analysis of w w.r.t. a,..., a, that is not a
flm-analysis of w w.r.t. o, ..., A1, 041, - -, a, as well.
e If € € [a;] for some i € {1,..., n} then the flm-analysis of w w.r.t. ay,..., a, is not unique (if it
exists).
LOsung:

a) Example: ¥ ={+,®,a,..., z}

Qi = var
oo = while
asz = end
Ay = <

as =@

as = (a+...+z)(a+ ... +2)*
[orr] N [as] = {var} but of course, var should be the keyword instead of an identifier.

If we did not assume the longest match principle, in addition to variable another decomposition of variable
would be e.g. var, iable. ..

If we did not assume the first match principle, instead of ag we would have to provide regular expression:

o =-(e+var+while+end+Z* L+ 5%« ¥¥)

b) If (w,..., W) is a decomposition of w, then

w=w...wgand Vj e {1,..., k} dpe{l, ..., n}:w; € o] (%)

Let (wy,..., wk) be a decomposition of w respecting the fIm principle, i.e. w = wy ... wg, and let a, be a
regular expression with € € [oe]. Then (wy, .. ., Wk, We) is a decomposition of w respecting the fim principle
as well (w = wy ... wge).
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Exercise 3 (Backtracking DFA): (4 Points)

Let oy = write, an = L(X|N)* where X :=(a|...|z|A]...|Z), N:=(0]|1]...]|9).
a) Construct DFAs 2, for a; such that L(2;) = [o].

b) Construct the product automaton 24 = 20; ® As.

c) Determine the first match partitioning of the set of final states in 2.
(The regular expressions are ordered (a1, a>).)

d) Determine the set of reachable and productive states in 2.

e) Compute the run of the corresponding backtracking DFA for input writeln(). Provide the run by giving the
corresponding configurations.

Losung:
a) TUNCQ.
Al .
AQZ
>
p
O=r
Q- X Q—+r
Q
b) A= A; ® Ay
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c) F, ={6B} and F, = {2B,3B,4B,5B, L B}.
d) Only non-productive state is L L.

e) (N,1A.writeln(), €) - (ID, 2B.riteln(),e) F (ID,3B.iteln(),e) & (ID,4B.teln(),e) & (ID,5B.eln(),€) -
(WRITE,6B.In(),e) - (ID, LB.n(),e) - (ID, LB(),e) - (N,1A(), ID) & ID.lexerr




