
CSE105 (Spring 2013): Homework 2

Instructor: Daniele Micciancio

Due on Monday April 22, 2013.

Problem 1

Prove that regular languages are closed under the following operations. All languages are over the alphabet
{0, 1}. The three problems are given in order of increasing difficulty, and each problem includes the previous
ones as special cases. [It is recommended to solve the problems in the order given, but if you can jump
stright to (c) and get it right, then you can use (c) in the solution of (a) and (b).]

(a) Let a \L (for a ∈ {0, 1}) be the set of strings w such that aw ∈ L. Prove that for any a ∈ {0, 1}, if L is
regular, then a \ L is also regular.

(b) Let z \L (for z ∈ {0, 1}∗) be the set of strings w such that zw ∈ L. Prove that for any z ∈ {0, 1}∗, if L
is regular, then z \ L is also regular.

(c) For any two languages Z,L define Z \ L = {w ∈ {0, 1}∗ | ∃z ∈ Z.zw ∈ L} as the set of strings that can
be obtained by stripping a word from Z off the front of a word from L. Prove that if L and Z are
regular, then Z \ L is also regular.

Problem 2

(a) Exercise 1.20 (all, a.-h.) from Sipser.

(b) For each of the following regular expressions, give a brief English description of the language defined by
the expression, and a simpler regular expression defining the same language. (Both the English description
and equivalent expression should be as brief as possible.)

1. (1 + 10)(1 + 0)∗(01 + 1)
2. (((0∗1∗)∗01) + ((0∗1∗)10))(1 + 0)∗

Problem 3

(a) Transform the following regular expression into an equivalent NFA using the procedure studied in class:
((a + ba)b + aa)∗. You can simplify your NFA to some extent, e.g., by removing some ε-transitions
and unnecessary states, as long as the overall structure of the NFA remains the same, and closely
corresponds to the given regular expression. [I think 6 states and one epsilon transition should be
enough.]

(b) Transform the NFA obtained in part (a) into an equivalent DFA using the procedure studied in class. If
states in your DFA are named A,B,C,D etc, then the states in the DFA should be named using strings
of the form AB, BCD, etc. corresponding sets of states of the original NFA. You only need to draw
the states that are reachable from the initial state of the automaton. [If you do everything correctly,
you should end up with an automaton with a relatively small number of states.]
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You may use jflap in the solution of this problem if you find it useful. (This includes using jflap facilities
for step-by-step conversions between regular expressions, NFAs and DFAs, though unless you put some work
of your own, you will get an NFA with a very large number of states.) As part of your solution, submit the
state transition diagrams of the NFA and DFA (hand drawn or printed out), and a brief explaination of how
you obtained them. (E.g., did you use jflap? What did you use it for? How did you simplify the automata?)

Problem 4

In this problem we explore something that comes pretty close to an actual use of automata theory in real
world applications: checking that a computer file is in the right format. The homework problem is, by
design, underspecified and somehow open ended. You may resolve ambiguities any way you like: there are
several reasonable “correct” answers. We assume some minimal level of familiarity with the XML markup
language. (If you have never encourtered XML before, start by looking it up on the web, but don’t spend
too much time on it as you need very little here.)

Draw a simple DFA using jflap (say, with 3 states and binary alphabet {0, 1}), save it to a file, and then
open the jflap file in a text editor. You will easily recognize it as an xml file. Study the file to determine the
details of the file format, and then answer the following question: is the set of syntactically correct jflap files
a regular language? Can you give a regular expression describing the file format? As part of your solution
you should submit a brief English description of the file format, a (possibly simplified or abbreviated) regular
expression corresponding to the language, and a clear description of any abbreviation you used or simplifying
assumption you made in the solution of the problem. (E.g., you may fix the alphabet of the DFA to {0, 1},
dispense checking that the automaton is deterministic, use abbreviations like [a− z] to describe an element
of the English alphabet, etc.)

As a side remark, the regular expression can be used to check if a jflap file is syntactically correct in
the obvious way: transform the regular expression into a finite automaton, and then run the automaton on
the input file. If the file is not syntatically correct, the automaton will detect the errors and reject it! In
practice, regular expressions are directly used together with some tool or library (e.g., in commin scripting
languages like “perl” or “python”, or the “grep” command in unix, mac os, etc.) which transforms the
regular expression into a DFA automatically behind the scenes, and uses the automaton to scan the input
file. Optionally, as part of this problem, you may try to use your favorite tool or language (grep, perl, python,
etc.) to test your regular expression, e.g., by running it on jflap files (after possibly tampering with them)
and see if errors are correctly detected. If you look into the documentation of regular expressions in grep,
python, perl, etc., you will see that these languages/tool offer an extended set of operations (and slightly
different syntax) that can be used to write useful regular expressions more conveniently.
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